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ABSTRACT 

A series of investigations was conducted to study the 
metabolic and physiological responses of double muscled (DM) 
cattle to mild stressors and to study some aspects of 
reproduction in this cattle type. 

In the first study (Chapter II) the effects of a 4d 
fast and a 3 d heat exposure were studied in three extreme 
muscled (DM) and three of their normal-to-moderate muscled 
(carrier) half-siblings. In both animal types plasma free 
fatty acid concentrations more than doubled (p<0.01) during 
fasting, although concentrations in DM animals were lower 
than those in carrier animals (p<0.05). During the fast, 
beOodsureatnatrogem*concentrabkionsdecreasedy inthe; carrier 
cattle and increased in the DM animals (p<0.05). The mean 
rectal temperature of the carriers remained constant during 
the heat exposure, while that of the DM bulls was elevated 
(p<0.05). The respiratory frequency was elevated (p<0.01) 
for both animal types after the heat exposure and this 
increased frequency was higher (p<0.05) for DM bulls than 
carrier bulls. A significant (p<0.05) decrease in 
triiodothyronine (T,) concentration appears to be 
characteristic response of DM cattle to both a fast and heat 
exposure. 

In the second study (Chapter III) plasma glucose 
kinetics were determined in the same animals in both the fed 
State and after a 4 dad fast. There were no statistically 


Significant effects observed for plasma glucose or blood 
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lactic acid concentrations. Total entry rate (TER) and 
irreversible loss (IRL) of plasma glucose were both lower 
(p<0.05) in the fasted state for both animal types. Glucose 
pool size tended to be smaller (p<0.1) in the fasted state 
and was observed to be smaller (p<0.05) in the DM compared 
with the carrier bulls. 

In the third study (Chapter IV) serum T,; kinetics were 
determined in the same animals when fed grass hay ad libitum 
and metabolic rate was estimated for a 24 h period in four 
DM and four Berti bulls starting 12 h after feed was 
removed. Pool size of T; was higher (p<0.001) in the DM 
cattle and no significant effects were observed for TER. The 
IRL of T, tended (p<0.1) to be higher in the DM animals. 
Metabolic rate was higher (p<0.05) for the DM cattle 
compared with the carrier cattle. These results indicate 
that DM cattle may be relatively hyperthyroid compared with 
Carrier animals. 

In the fourth study (Chapter V) the reproductive 
Ate UAE of a small DM herd were studied. DM heifers do 
not generally (p<0.001) haye live calves as a result of 
their first breeding season. The estrous cycle of three DM 
cowS was apparently normal as indicated by plasma 
estradiol-178, luteinizing hormone and progesterone 
concentration patterns and by behavioural events at estrus. 

In the fifth study (Chapter VI) the response of DM and 
carrier cattle to halothane anaesthesia was studied. Neither 


skeletal muscle tremors nor muscle rigidity were observed in 
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DM cattle after a 30 min period of stage III plane 2 
anaesthesia maintained by halothane, while heart rate was 
elevated (p<0.001) as a result of the anaesthetic. There 
were no signs of halothane sensitivity as indicated by 
rectal temperature, arterial pH, nor by venous lactic acid, 
adrenaline and noradrenaline concentrations in a young DM 


calf exposed to halothane. 
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I. GENERAL INTRODUCTION TO DOUBLE MUSCLING IN CATTLE 


A. Introduction 

The double muscled (DM) syndrome is a genetic condition 
in beef cattle which is characterized by a generalized 
skeletal muscular hypertrophy (Ansay and Hanset 1979). 
Affected animals have enlarged forelimb, thigh and neck 
muscles plus a well rounded rump when viewed laterally. 
Visually the enlarged muscles of DM cattle are made more 
prominent by thinner hides and reduced subcutaneous fat 
thickness (Oliver and Cartwright 1968). Cattle breeders are 
selecting for animals which are lean and muscular as they 
are more efficient producers of a high quality edible 
product. In addition, meat from these carcasses contains 
less fat making them more appealing to consumers. Since DM 
cattle appear to be a superior "meat" type animal, attention 
is focusing on the DM syndrome. 

The first description of the DM syndrome by Cully in 
1807 (cited by Oliver and Cartwright 1968) indicated that DM 
cattle were considered "monsters" and that carcasses 
obtained from these cattle were free of fat and were dark. 
Oliver and Cartwright (1968) traced the origin of DM cattle 
from Holland to England where they were introduced into the 
genetic pools of numerous present day European breeds. The 
term "double muscled" was first reported by Weber and Ibsen 
in 1934 (cited by Kieffer and Cartwright 1980) to describe 


some Herefords within a purebred herd in Nebraska. The term 
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double muscled is a misnomer, for affected animals have the 
identical number of muscles as normal cattle (Oliver and 
Cartwright 1968). Since "double muscling" and "double 
muscled" are commonly used terms for describing this cattle 
type in North America, Australia, Britain and some European 
countries they will be used throughout this thesis. Some 
authors prefer to use hereditary muscular hypertrophy, 
muscular hypertrophy or MH to describe this cattle type due 
to the generalized enlargement of the skeletal muscles, but 
other tissues and organs are also affected. Therefore the 
use of muScular hypertrophy to describe this cattle type is 
not the mosticorrect *term. Until this Bpnornial tay of cattle 
can be explained in exact genetic terms the use of the term 
"double muscling" is recommended for it describes the 
animals and implies minimal scientific or clinical 
Significance to both producers and animal scientists. 
Double muscled cattle have some similarities to stress 
susceptible (SS) swine. Both of these animal types have 
enlarged muscles, reduced body fat and are more stress 
susceptible as compared with normal animals of their species 
(Ashmore 1974). Furthermore, relatively fragile erythrocytes 
have been reported in both SS swine (Cheah and Cheah 1979) 
and DM cattle (Basarab et al. 1980). Halothane, a 
fluorinated hydrocarbon anaesthetic, causes a condition 
known aS malignant hyperthermia in SS swine (Britt 1972). A 
reliable test for identifing SS pigs is to expose a young 


pig to halothane for a few minutes. The development of 
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muscular rigidity indicates that the animal is stress 
susceptible (Eikelenboon and Minkema 1974). 

There is considerable research reported on double 
muscling in cattle, but it should be emphasized that there 
are many limitations to extrapolating the results of one 
study to another. Experimenters have compared DM cattle with 
control cattle, but in many instances they have not 
indicated the genotype of the control er ace which could 
have Ibeen eather normal! vor. "carrier: cattle. Many of) the 
experiments reported in the literature dealing with the DM 
Syndrome in cattle have involved animal numbers as small as 
one per group and have occasionally varied in factors such 
asagevand sex between treatment» groups.; The’DM syndrome has 
been reported to occur in most European breeds of cattle. 
The DM syndrome in a breed may be modified by its 
characteristic breed phenotype to the extent that the 
expression of the syndrome may differ within the various 
cattle breeds. Similarly, many production and experimental 
DM herds have different selection pressures exerted on them 
for traits such as muscling, growth rate, and reproductive 
performance so that the phendeupic expression of the DM 
Syndrome varies between herds. 

There are a number of reviews of the scientific 
literature concerning double muscling in cattle (Bradley 
1978: Heine and Neumann 1977; Kieffer and Cartwright 1980; 
Menissier 1974; Oliver and Cartwright 1968; Vandeplassche 


1974) which the reader is referred to for a detailed 
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description of the DM syndrome. The purpose of the present 
review iS to introduce the double muscled syndrome to the 
reader, to discuss its inheritance and to identify the major 
advantages and disadvantages of this animal type in cattle 


production. 


B. Physical Characteristics and Body Composition of DM 
Cattle 

Kieffer and Cartwright (1980), Menissier (1974), Oliver 
and Cartwright (1968) aaa West (1974) describe the gross 
anatomical characteristics of DM cattle in detail. 
Phenotypically DM cattle are easy to identify by the gross 
enlargement of the skeletal musculature and by the 
characteristic creases between the muscles of the 
hindquarters (Rollins et al. 1972). These intermuscular 
grooves are due to the enlarged muscles and are accentuated 
by thinner hides and reduced subcutaneous fat thickness 
(Oliver and Cartwright 1968). Generally, muscular 
hypertrophy occurs in most of the skeletal muscles but 
particularly in those involved with locomotion (Ansay and 
Hanset 1979). Johnson (1981) has reported muscular 
hypertrophy of the larger superficial skeletal muscles, 
whereas the muscles located deeper within the DM animal 
exhibited only minor hypertrophy. Exceptions to the 
generalized hypertrophy are the intercostal and abdominal 
muscles which are proportionately smaller in DM cattle, 


probably because the lungs and digestive tract of this 


cattle type are smaller than Nuns WaCaonye of similar body 
weight (Boccard and Dumont 1974). Other physical 
characteristics described by Kieffer and Cartwright (1980) 
include bowed front legs, fineness of the limb bones, 
forward attachment of a short tail, underdeveloped external 
genitalia, a stretched appearance when standing and open 
shoulders. Kieffer and Cartwright (1980) have reported that 
enlarged tongues of newborn calves are common and Hanset and 
Michaux (1978) have observed a minor deformity in the 
mandible in some DM animals of the Belgian Blue and White 
breed. Cattle which are heterozygous for the double muscled 
traits are called carriers and usually show an intermediate 
phenotype between DM and normal muscled cattle within a 
given breed (Kieffer and Cartwright 1980). 

Limb bones of DM cattle are smaller in diameter than 
those ae comparable normal animals (Oliver and Cartwright 
1968) This feature 1S accentuated by the large muscle mass 
over the shoulders and hindquarters of the animals. The long 
bones of DM animals ane lighter than those from normal 
muscled animals of similar weight within the Belgian Blue 
and White breed (Ansay and Hanset 1979). Hendricks et al. 
(1973) reported that DM bulls had shorter metacarpals which 
have thinner cortices than either carrier or normal muscled 
bulls. Rollins et al. (1980) surveyed the literature and 
reported that DM cattle have an average muscle to bone ratio 


60% greater than normal muscled animals. 
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The total amount of body fat is substantially below 
normal in DM cattle (Oliver and Cartwright 1968). All major 
fat depots such as the subcutaneous, renal, pelvic and 
intermuscular depots are reduced. A survey of dissection 
Studies by Rollins et al. (1980) revealed that the fat to 
bone ratio waS on average 26% smaller for DM cattle compared 
with normal muscled cattle. 

Other tissues besides muscle, bone and fat are present 
in, different proportions’ in DM’ cattle than’ in) normale cattle. 
Internal organs such as the thymus, spleen, lungs, kidney, 
liver, digestive tract and heart are all significantly 
smaller in DM cattle when expressed on a total body weight 
basis (Ansay and Hanset 1979). Skeletal muscle is the only 
major tissue which is known to undergo hypertrophy in DM 
cattle, whereas most other tissues are proportionately 
smaller, resulting in an increased quantity of lean meat 
obtained from the carcasses of DM cattle. In some European 
countries where lean meat commands a premium price, the 
production disadvantages in raising DM cattle are 
overshadowed, to the extent that DM cattle production is 
very profitable (Hanset and Leroy 1979). 

Other characteristics of DM cattle include relatively 
fragile erythrocytes (King et al. 1976; Basarab et al. 1980) 
which have been suggested to be indicative of a generalized 
cell membrane defect (King 1975). The thyroid hormone 
triiodothyronine concentration was observed to be both 


higher (Basarab 1981) and lower (Novakofski and Kauffman 
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1981) in DM cattle compared to normal muscled cattle. 
Basarab (1981) has observed an altered fatty acid compositon. 
of some of the phospholipid fractions of the See 
plasma membrane in DM cattle. Erythrocyte glucose 
consumption and lactic acid production have also been shown 
to be greater in DM cattle as compared with normal cattle 
(Basarab 1981). Some plasma enzymes have been reported to 
have a different activity pattern in DM cattle (Kolataj et 
al. 19799 \breKoneckamet« al. 41979) -whichtmay: reflectia 


generalized cell membrane defect. 


C. Advantages of DM Cattle 

The major advantage of DM cattle is the increased yield 
of lean meat. A brief discussion of growth and development, 
muscle fiber types and innervation of the skeletal muscles 
of DM cattle is necessary to understand why more meat, which 
is primarily composed of muscle tissue, 1S obtained from 
carcasses of this cattle type. 

Double muscling is a genetic condition of cattle which 
can be detected early in fetal development of an animal. 
Swatland and Kieffer (1974) reported a generalized muscular 
hypertrophy in locomotory muscles of DM fetuses. 
Histological evidence suggests that the muscle enlargement 
of DM fetuses is primarily a result of hyperplasia (Swatland 
and Kieffer 1974). Ansay (1976), in a detailed dissection 
study observed that DM fetuses at a given crown-rump length 


had 26 to 64% more skeletal muscle than normal muscled 
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fetuses. Similarly, Ashmore et al. (1974) observed that the 
muscles of DM fetuses were larger due to an increased number 
of a-muscle fibers. Research by N.M. Kieffer from Texas A&M 
University (cited by Anonymous 1978) has suggested that the 
developmental control of the DM syndrome in the fetus may be 
due to a blood-borne gene product. To determine the exact 
biochemical etiology of double muscling it may be necessary 
to study the condition in utero. 

Considerable research on muscle fiber typing of the 
enlarged muscles of DM cattle has been reported (Ashmore and 
Robinson 1969; Holmes and Ashmore 1972: Hendricks et al. 
1973; Swatland 1973: Ashmore et al. 1974: Mascarello and 
Geroldi 1974: Swatland and Kieffer 1974). All authors have 
concluded that the muscular hypertrophy of DM cattle is 
primarily a result of hyperplasia of the a-white muscle 
fibers. Ashmore (1974) has indicated that muscle fiber types 
can greatly influence the quality of meat obtained from a 
Carcass. Excess pre-Slaugher stress to DM cattle can result 
in poor quality meat, such as dark cutting, from carcasses 
of this cattle type (Ashmore 1974). 

Swatland and Cassens (1974) have emphasized that the 
innervation of skeletal muscles in domestic animals is 
important in determining the quality and quantity of the 
meat obtained from a given animal type. Swatland (1973) 
observed an increased number of branched terminal axons in 
the enlarged muscles of DM cattle compared to muscles of 


normal cattle. Recently, Novakofski et al. (1981) attempted 
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to identify heterozygotes for double muscling by determining 
the number of axonal branches in muscles obtained from DM, 
Carrier and normal muscled cattle. Their results indicated a 
large variation and overlap between genotypes and they 
concluded that determining the functional terminal 
innervation ratio was of minimal value in identifing the 
genotype of an animal. 

The double muscled syndrome offers many advantageous 
characteristics for meat production. Oliver and Cartwright 
(1968) have reported that DM cattle have a higher dressing 
percentage due to the increased muscle tissue, reduced 
ecuns of body fat, lighter bones, smaller internal organs 
and thinner hides. Hanset et al. (1980) have recently 
reported that DM bulls from 215 to 370 days of age have a 
Significantly Superior feed conversion efficiency compared 
to normal muscled cattle of similar breeding. Boccard and 
Dumont (1974) have reported.that the connective tissue 
within the enlarged muscles of DM cattle is less than that 
in normal muscled cattle. The extent of development of the 
perimysium in the hypertrophied muscles of DM cattle is less 
than that <of conventional beef cattle (Dumont and Schmitt 
1973). The meat obtained from cattle possessing the double 
muscled trait has been reported to be equal (Carroll et al. 
1978) or superior (Bouton et al. 1978) in tenderness to meat 
obtained from normal muscled cattle. Considering the above, 
it would appear that DM cattle are a Superior "meat" 


producing animal type. 
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D. Disadvantages of DM Cattle 

There are some Serious disadvantages associated with DM 
cattle which limit their apparent value to livestock 
production. Cattle displaying the DM syndrome are more 
susceptible to various stressors and have a poor 
reproductive capability (Kieffer and Cartwright 1980). 

Holmes et al. (1972b) have reported that DM cattle are 
more temperamental, possibly because of the accumulation of 
excessive amounts of lactic acid during states of severe 
stress. For example, they reported that after an exercise 
stress, a DM heifer collapsed and developed myoglobulinuria 
due to excess lactic acid build up (Holmes et al. 1972a). 
Monin and Boccard (1974) observed that DM animals often 
exhibited metabolic acidosis during exercise, and partially 
attributed the condition to a reduced capacity of oxidative 
metabolism arising from the proportionally smaller heart and 
lungs plus the lower hematocrit of this cattle type. 
Similarly, Holmes et al. (1973) observed that the 
combination of bleeding and fasting was more stressful for 
DM cattle than for normal cattle as indicated by blood 
metabolite and post-slaughter muscle pH measurements. 
Halipre (1973) has observed that DM cattle are more 
susceptible to an acute heat stress as compared with normal 
cattle. Holmes and Robinson (1970) have reported that DM 
cattle are prone to losing considerable muscling when fed a 
diet below maintenance energy. The University of Alberta 


maintains a small herd of DM cattle and several of the most 


ot an ; at nite ne A ae 
i= 7 \ ti ie i a c\ 
(ie ar 


1240 ba thienaan’ iain ti funn an aa 
ks jouw om ig! neg init hig wu 

eer aa Han TRS i gel, inti tei, akises: 

y-macrid ry | oun aie hind ees Paine ee 

A ae ly (owed Otis bey Leal AeA ‘aii 


i i Myo 
a Pay 
cia’ dc sdhe We beth Age ela ee led eas 
vl at a " faa 


aves. $8 ere COPS oot aees “TP 7 ae nd 
= ; } y , ay 


hah Sneed a a ee ae a NR aes," ae aieens | 09S hy 
iviiiudelameme habe eae) eke Bhd avahieod» teh ee Roe lid mg 
i> va 7 ~y re : F ; ¥ ah ce -¢ 1 

cA |e ee ee ur niga aia vn a 


Vind ite SLE OG, sd vey aay i ANE pol ef Pa) + baa: 


ulistiway Gre 46ers. rer gearie Aah So igs aoe wre “a “> 
ee eee 1(e6set SRI «4 Me eri: why or De 


ats Sangli 16. f'Ldagyatal ‘de Seay it uh uit eh ei ron 
Gy ote iseiedae Fo. bs ieeiiene Webel ete kul eee 
i 7 H + 
Ag SOS OMY IRR 63" ii it) anon ) eta eae 
at iT i 


7 } 


ior (e0, dvi vewke sculls ac%, S110, Halehol)| To 


5° 


4 7 (4) beden the ett ‘ele he eine. le 
” >} a = G2 ese shed ate wy a yr URS TAS *SAe 

ae . 7 Se oie eC 1sy Po hi Yew Eee Oe ps! 

sapien, Nate AL od 4): 6H Gale? apie ie ic al alias 2 ee 

bgt fads ted votre wen hae * s it hs | 

oe p bad uals whe ‘2rull ‘aighaidity? o a Maresh er ania man) ot ride T 
i : 


ébedha. 16 west tate ee eT Re toab 
ove 34 sazerine oo8 adore Lead ae ae ah, 2. Ons 
; a 7 ) 


il 


muscular cattle in this herd have died suddenly, and upon 
post mortem examination no specific cause of death has been 
indicated. Cattle within this herd have also been observed 
to lose considerably more body condition over severe winters 
than do their normal muscled contemporaries. 

The major disadvantage associated with DM cattle 
production is the poor reproductive performance of the 
females (Oliver and Cartwright 1968). Vissac et al. (1974) 
have shown that puberty may be delayed, milk production is 
reduced and abnormal estrous cycles occur more often in DM 
than in normal cows. Dystocia, stillbirths and caesarian 
sections are relatively common in DM cows (Kieffer and 
Cartwright 1980). Hanset and Jandrain (1979) have reported 
that more than 48% of the DM heifers and 25% of the DM cows 
in the Belgian Blue and White breed require caeSarian 
section. Menissier et al. (1974) have suggested that the 
poor fertility of DM cows may be attributed to a defective 
sexual behaviour at estrus, possibly arising from an 
endocrine disturbance. 

The enlarged tongue of neonatal DM calves makes sucking 
difficult (Oliver and Cartwright 1968) and the reduced 
amount of milk produced by DM dams (Vissac et al. 1974) both 
contribute to poor viability of the calves. Hanset and 
Jandrain (1979) have indicated that the selection for double 
muscling has resulted in poor viability of the young DM 
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Most authors in North America (Oliver and Cartwright 
1968; Holmes et al. 1973; Ashmore 1974; Kieffer and 
Cartwright 1980) have indicated that the increased 
production of lean meat from DM cattle does not compensate 
for the increased economic losses arising from increased 
stress susceptibility, decreased reproduction capabilities 
or the reduced viability of DM calves. In Europe, the 
veterinarian plays a key role in meat production from DM 
cattle (Hanset 1979), which is presently economical due to 
the high premium paid for DM carcasses (Hanset and Leroy 


1979). 


E. Genetics and Implications of the DM Syndrome 

There 1S some disagreement about the mode of 
inheritance of the DM syndrome in cattle. Due to the 
variable phenotypic expression of the condition in the 
heterozygote or carrier, it. has not always been possible to 
identify the genotype of an animal (Oliver and Cartwright 
1968). Most authors (Oliver and Cartwright 1968; Rollins et 
al. 1972; McKellar and Ouhayoun 1973; Hanset 1974; Nott and 
Rollins 1979; Kieffer and Cartwright 1980; Basarab 1981) 
have indicated that the DM syndrome is inherited as a single 
recessive gene pair with incomplete penetrance. 

Carrier cattle, which are phenotypically intermediate 
between normal muscled and DM cattle, do not appear to have 
the production problems associated with the double muscling 


trait (Kieffer and Cartwright 1980) yet have superior 
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carcasses (Rollins et al. 1980) and meat quality (Bouton et 
al. 1978) as compared with normal cattle. Many authors 
(Hanset 1975; Hanset and Leroy 1979; Rollins et al. 1980) 
have suggested that the DM trait may be exploited in the 
heterozygote to take advantage of the superior growth and 
carcass value of the carrier, as compared with normal 
muscled cattle, while minimizing the production 


disadvantages associated with DM cattle. 


F, Summary 

The double muscled syndrome in cattle is inherited as a 
recesSive trait with incomplete penetrance. Affected animals 
have enlarged skeletal muscles due to an increased number of 
muscle fibers. The major fat depots and the limb bones of DM 
cattle are smaller than normal muscled cattle. Some DM 
cattle populations have an increased rate of growth and 
Superior feed conversion efficiency up until one year of 
age. Meat from DM carcasses is of high quality for the 
amount of connective tissue in the skeletal muscles is 
reduced, resulting in relatively more tender meat. 

Stress susceptibility, poor viability of young DM 
calves and the poor reproductive capabilities of DM females 
limit the usefulness of this cattle type. These 
disadvantages of utilizing DM cattle in beef production are 
reduced in the heterozygote animals while meat yield remains 
Superior to normal cattle. Thus producers have recently been 


encouraged to raise this intermediate phenotype as market 
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G. Hess Objectives 

The major disadvantages of utilizing DM cattle in 
livestock production are the increased stress susceptibility 
and the poor reproductive performance of this cattle type. A 
series of experiments were undertaken to study the effects 
of mild stressors on the metabolism and physiology of DM 
Cattlem\(Chapter ft) andi lil): The objecthof! ChapterwiV! was to 
determine whether the thyroid status of DM cattle differs 
from normal muscled cattle. A trial was conducted to 
identify Sone of the possible causes of the poor 
reproductive capability of DM cattle (Chapter V). Finally a 
study was performed to study the response of DM cattle to 


the common anaesthetic halothane (Chapter VI). 
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II. EFFECT OF MILD STRESSORS ON DOUBLE MUSCLED CATTLE 
A. Abstract 

The effects of mild stressors were studied on three 
double muscled (DM) bulls and three of their phenotypically 
normal-to-moderate muscled (carrier) half-siblings of the 
Same age and sex. At 14 mo of age the effect of a 4d fast 
was Studied. In both animal types plasma free fatty acid 
(FFA) concentrations more than doubled (p<0.01) during 
fasting. Plasma FFA concentrations in the DM animals were 
lower than those in carrier animals in both the fed and 
fasted states (p<0.05). During the fast blood urea nitrogen 
(BUN) concentration decreased in the carrier cattle from 
10.0 mg/dL to 5.7 mg/dL and increased in the DM cattle from 
o.3,mq/abh toeni2. 2-mg/au, (p<0.05) ..There were no significant 
effects on blood lactic and pyruvic acids or on plasma 
glucose and electrolyte concentrations. Serum cortisol 
concentration was elevated (p<0.05) from 6.3 ng/mL to 9.2 
ng/mL in the fasted state in both animal types. During the 
fast, triiodothyronine (T,) concentration decreased from 3.1 
to 0.7 ng/dL in the DM cattle and remained unchanged (2.6 to 
2.4 ng/dL) in the carrier cattle. The 3 h metabolic rate of 
both animal types decreased in the fasted state (p<0.05). 
The higher BUN concentration and the lower FFA concentration 
during fasting in the DM cattle suggests that this animal 
type relied to a greater extent on its protein reserves for 


energy substrates. 
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At 18 mo of age the effect of a 3 d heat exposure was 
Studied on the same animals. Blood samples were collected 
and physiological parameters were monitored at 10°C and 
after 3 d at 26°C. The mean rectal temperature of the 
Carriers remained constant at 38.5°C, while that of the DM 
bulls was elevated from 38.6°C to 39.6°C (p<0.05). The 
respiratory frequency was elevated (p<0.01) for both animal 
types at 26°C and this increased frequency was higher 
(p<0.05) for the DM bulls than for the carrier bulls. At 
26°C, serum T, concentration decreased from 2.1 to 1.3 ng/mL 
for the DM bulls, while no change (1.5 to 1.6 ng/mL) 
Becuvrea iF the carrier bulls (p<0.01). 
Reverse-triiodothyronine concentration was lower (p<0.05) in 
the DM animals as compared with carrier animals. There were 
no significant effects on plasma glucose, BUN, blood lactic 
acid, serum thyroxine and cortisol, or plasma adrenaline and 
noradrenaline concentrations. The elevated rectal 
temperature of DM cattle during the heat stress may have 


been a result of an impairment in a heat loss mechanism. 


B. Introduction 

The double muscled (DM) syndrome is a genetic condition 
in beef cattle which is characterized by a generalized 
skeletal muscle hypertrophy (Ansay and Hanset 1979). The DM 
syndrome is inherited by a single pair of recessive genes 
which can -be modified by genetic and environmental factors 


(Rollins et al. 1972). Affected animals have enlarged 


a + 7 i 
si 
| 
5 
4 / : 
; 
; yeas 
by u ; 
- ‘ rt ‘on 7 
kee ee Ania 
ve Ld oti Ay , ‘ yyw" ha iv $c ptr ry oe) a ie ad 
fi* , y wy - 
' } & 
vite i es oes TP ine A Ande aay ee CeNES! Ae? yi o 


ry ethyon ese +8 rar IGG nes 


ks 
ai hae 


. il ‘ » ; 
4 Pied a 7 ‘ *,¢@ eo 
¥ 
ania 
' nm : 1 
ug 4 | 
; i 
ne, 
> 
‘ 4 4 
4 f 
| / 
4 4 

<b e 
A i Aen? 

4 / fh 

i] 
é 

‘ Tbs ) + < 

4 ' mA’) 
a 
% 


‘hen cae 
m i if 
i) Ari Gri ee eee Sa Sy ORS 


re Ye wes se 


7 ry 
) ah we \ ipek) sof > 


7 ane lew ee us Pe. 
supe avy . Val 


23 


forelimb, thigh and neck muscles (Oliver and Cartwright 
1968). The prominence of the enlarged muscles of DM cattle 
are visually enhanced by the animal's thinner hide and 
reduced amounts of subcutaneous fat (Oliver and Cartwright 
1968). Hanset et al. (1979) have observed that the feed 
consumption by DM bulls was less than normal bulls and that 
the DM bulls had a superior feed conversion efficiency. 
ears iaerune the above characteristics, DM cattle would 
appeareto be rélativelyosuperior= beef animals. 

There are some serious aa teavantades associated with 
cattle displaying the DM syndrome which limit their apparent 
value to livestock production. Vissac et al. (1974) have 
reported that puberty is delayed, abnormal estrous cycles 
may occur and calving difficulties, still-borns and 
caeSarian sections are relatively common in DM cows. Cattle 
displaying the DM syndrome are more susceptible to various 
stressors. Holmes et al. (1972b) have suggested that they 
are more temperamental during stress, possibly because of 
the development of lactic acidosis. After a severe exercise 
stress, a DM heifer collapsed and developed myoglobulinuria 
due to lactic acidosis (Holmes et al. 1972a). Monin and 
Boccard (1974) observed that DM animals often develop 
metabolic acidosis during exercise, and partially attributed 
the condition to the proportionally smaller heart and lungs 
and the lower hematocrit of this cattle type. Similarly, 
Holmes et al. (1973) observed that the combination of 


bleeding and fasting was more stressful for DM cattle 
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compared to normal cattle as indicated by blood metabolites 
and by high post-slaughter muscle pH measurements. 

The University of Alberta maintains a small herd of DM 
cattle, and several of the most muscular animals in this 
herd have died suddenly; post mortem examinations have no 
specific cause of death. Most of the previous studies 
concerning effects of stress on the physiology of DM cattle 
have involved relatively severe stressors. The objective of 
the experiments reported herein was to determine the 
response of DM bulls to relatively mild stressors and to 
compare this response to that obtained with phenotypically 


normal bulls from a similar genetic background, 


C. Materials and Methods 

All animals used in the following two studies were from 
the double muscled herd maintained at The University of 
Alberta's Beef Research Ranch. Cattle within the DM breed 
group were phenotypically categorized (Basarab 1981) as 
either extreme in muscling (DM) or normal-to-moderate in 
muscling (carrier). 
Study I 

The effect of a 4 d fast was studied on three carrier, 
14 mo old bulls, and three of their DM half-siblings. The 
animals were housed together and group fed twice-daily (0730 
and 1600 h) 13 kg of a concentrate ration and grass hay was 
provided ad libitum. Water and mineralized salt were 


available free choice. During the experimental period food 
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was withheld for 4 dad, while water and mineralized salt were 
available ad libitum. 

The cattle were kept in metabolic crates during the 
experiment and had indwelling jugular vein catheters 
inserted the day before the experimental period. Blood 
Samples were collected at 1000, 1100 and 1200 h in both the 
fed state and after the 4 d fast. Blood lactic acid (Sigma 
No. wO26—UV ,CSt,eLoursp emo) and pyruvictacidl (Sigma No. 
726-UV, St. Louis, MO) concentrations were determined in 
whole blood and plasma glucose concentration was estimated 
by an enzymatic procedure (Sigma No. 115-A, St. Louis, MO). 
Plasma creatinine, blood urea nitrogen (BUN) and plasma 
electrolytes were determined by a Technicon SMA-7 
(Tarrytown, NY). 

Long chain free fatty acids (FFA) concentrations in the 
plasma were assayed by the colourimetric method described by 
Smith (1975). Thyroxine (T,) and triiodothyronine (T;) were 
measured in serum by standard radioimmunoassays (Diagnostic 
Products Corp., Los Angles, CA) and serum cortisol 
concentration was measured by a commerical radioimmunoassay 
kit (Micromedic System, Horsham, PA). Metabolic rate was 
estimated by indirect calorimetry based on respiratory gas 
patterns for a 3 h period in both the fed and fasted states 
(Xoungeetna l2ea975).. 

The statistical analysis of the data was by analysis of 
variance (Steel and Torrie 1980). Preliminary observation of 


the statistical analysis indicated that the appropriate 
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error mean squares for a parameter did not differ between 
treatments, So a pooled standard error of the mean was 
calculated. 

Study, (11 

The same animals were used at 18 mo of age to study the 
effect of a 3 d heat stress. Prior to this study, the 
animals were housed outdoors and the mean temperature during 
a two-week period prior to the study was approximately 
-10°C. The animals were fed a grass hay diet ad libitum and 
had free access to mineralized salt and water prior to, and 
during the experimental period. 

The animals had indwelling jugular vein catheters 
inserted before the experimental period and were housed 
indoors at 10°C for 1d, after which the room temperature 
was raised and maintained at 26°C for 3 d. Blood samples 
were collected and physiological parameters were measured at 
NOCO ae ih200 Rand 1400h Fate 10° @Randvatter 3edmate262C sithe 
concentrations of plasma glucose, plasma creatinine, BUN, 
TyaaTsprcortisolwand biood)lacticuwacid were measured as in 
the fasting study. Plasma bicarbonate was estimated by a 
Technicon SMA-7 (Tarrytown, NY) and reverse-triiodothyronine 
(rT,) concentration was determined by a commercial 
radioimmunoassay kit (Serono Laboratories, Inc., Braintree, 
MA). Plasma adrenaline and noradrenaline concentrations were 
estimated by a radioenzymatic assay (Peuler and Johnson 
1977) employing modifications described by Graham et al. 


(1981). 
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Respiratory rate was measured visually, heart rate by 
ECG needle electrodes inserted into the hide of each animal 
and an ECG recorder (Hewlett-Packard, Mississauga, Ont.). 
Rectal temperature was meaSured using a thermistor probe and 
telethermometer (Yellow Springs Instrument Co., Inc., Yellow 
Springs, OH) Statistical analysis of the data was by 
analysis of variance (Steel and Torrie 1980). Preliminary 
observation of the statistical analysis indicated that the 
approperate verror«mean squares *for a parameter did not 
differ between treatments, so a pooled standard error of the 


mean was calculated. 


D. Results 
Study I 

The results for the effects of the fasting stress are 
presented in Table II.1. There were no significant 
differences in blood lactic.and pyruvic acid or in plasma 
glucose and electrolyte concentrations between phenotype or 
treatment. Plasma creatinine concentration tended to be 
elevated (p<0.1) during the fast in both animal types. The 
DM animals had a higher (p<0.05) plasma creatinine 
concentration in both the fed and fasted states. In both 
animal types, plasma FFA concentrations more than doubled 
(p<0.01) after a 4 d fast. Plasma FFA concentrations in DM 
animals were consistantly lower than in carrier animals 
(p<0.05). A significant (p<0.05) phenotype by stressor 


interaction was observed for BUN concentration. Blood urea 
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nitrogen concentrations were similar in the ane animal types 
during feeding, but during the fast the level decreased in 
BHeacarrier cattlest{rom 10.0tmg/dL to 5.7 mg/dL and 
increased in the DM cattle from 9.3 mg/dL’ to 12.2 mg/dL 
REabrer lie 21); 

Serum cortisol concentration was significantly elevated 
(p<0.05) in the fasted state to 9.2 ng/mL as compared to the 
fed state value of 6.3 ng/mL in both animal types. No 
difference was observed for serum T, concentration between 
the animal types or to the effect of the fast. A significant 
(p<0.05) phenotype by treatment interaction was observed for 
T, concentration. During the fast the serum T, concentration 
decreased from 3.1 to 0.7 ng/dL in the DM cattle but 
remained unchanged (2.6 to 2.4 ng/dL) for the carrier cattle 
(Table Id. 2)4uthe .3ehpmetabolicnrate. of both animalttypes 
decreased (p<0.05) from an average of 24.4 kJ/kg™’*/h in the 
fed state to 17.6 kJ/kg*’*/h in the fasted state. 

Study hi 

After 3 d at 26°C, the mean rectal temperature of the 
carriers remained constant at 38.5°C, while the mean rectal 
temperature of the DM bulls was significantly (p<0.01) 
elevated from 38.6°C to 39.6°C (Table 11.4). There were no 
observable differences in heart rate between the animal 
types at either room temperature (Table II.3). The 
respiratory frequency was significantly (p<0.01) elevated 
for both animal types at the higher room temperature and 


this increased frequency was greater (p<0.05) for the DM 
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Average plasma creatinine concentration tended (p<0.1) 
EO, increase? from). eamgq/dbaat) 10°C, ton2.0) mg/dL ate26°C with 
DM animals having a higher (p<0.05) concentration at both 
temperatures. There was a trend (p<0.1) for plasma 
bicarbonate concentration to be less at 26°C (22.3 mEq/L) 
compared to 10°C (24.0 mEq/L). There were no significant 
effects of phenotype or stress on plasma glucose, BUN or 
blood lactic acid concentrations. 

A significant (p<0.01) phenotype by temperature 
interaction was observed for serum T; concentration. At 26°C 
eheaTeiconcentration decreased fromecvwia for 4 .8rng/dparorthe 
DMabutis twhidegnogchangey(s satogl. 6) ng/dL),oceurred for 
the carrier bulls (Table 11.4). There was no significant 
effect on serum T, concentration, while r-T, concentration 
was lower (p<0.05) in DM animals at both 10° and 26°C. There 
were no significant effects. of phenotype or the stressor on 
serum cortisol, plasma adrenaline nor noradrenaline 


concentrations. 


E. Discussion 

The 3 h metabolic rate of both animal types responded 
Similarly to the fast, but the proportion of body tissues 
that were utilized as energy substrates may have differed. 
The decrease in BUN concentration during fasting for the 
carrier bulls and the elevated concentration for the DM 


bulls suggests that the DM animals relied to a relatively 
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greater extent on their protein reserves for energy 
Substrates. A smaller increase in plasma FFA concentration 
during the fast in the DM animals supports this suggestion. 
The DM cattle at The University of Alberta's Ranch have been 
observed to be very susceptible to losing body "condition" 
over severe winters, suggesting that they utilize their 
enlarged muscles aS a source of energy substrates. Holmes 
and Robinson (1970) have suggested that DM cattle do not 
mobilize fat as readily as normal cattle during periods of 
reduced energy intake as they observed sia the plasma FFA 
concentrations were lower in DM cattle than in similarly 
treated normal muscled cattle. These workers also observed 
that the DM animals lost considerable muscling when fed a 
diet which did not meet their maintenance energy requirement 
but no apparent reduction in muscle mass was noted for the 
normal animals fed a similar diet for a 3 week period. 
Holmes et al. (1973) subjected DM cattle to a 48 h fast 
and observed that plasma glucose concentration was higher in 
the DM animals compared with normal animals, and that the 
concentration increased with the length of the fast in both 
animal types. The different effect observed during fasting 
on plasma ‘glucose concentration between the results of 
Holmes et al. (1973) and that of the present study may be 
due to the method of blood sampling. Holmes et al. (1973) 
collected blood via venipuncture, while the samples in the 
present study were obtained via an indwelling catheter. The 


effect of blood collection and fasting in the study by 
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Holmes et al. (1973) resulted in dark cutting meat in the 
carcasses of the DM animals, but no effect was observed for 
normal animals which were bled and fasted nor to DM animals 
which were only fasted (Holmes et al. 1973). Earlier, Holmes 
et al. (1972b) suggested that DM cattle are more excitable 
than normal cattle, so the frequent handling during serial 
blood collection may have been the cause for differences in 
blood glucose concentration. The non-significant effect of 
fasting on plasma glucose concentration in the present study 
is in agreement with the results reported by Galyean et al. 
(1981) for beef steers fasted for approximately 4 d. 
Determination of the kinetics of plasma glucose in these two 
animal types may represent a more meaningful measure of 
glucose metabolism as compared with plasma glucose 
concentration (see Chapter III). 

Halipre (1973) Steer ed that DM cattle were more 
susceptible to an acute heat stress than carrier cattle. At 
25°C, he determined that the rectal temperature was 
Significantly higher for the DM animals ana that the 
temperature difference between the animal types increased as 
ambient temperature increased (Halipre 1973). The heart rate 
and respiratory frequency were also observed to be higher in 
the heat stressed DM animals and he concluded that DM cattle 
are less tolerant to a severe heat stress than are normal 
cattle. The elevated rectal temperature and the higher 
respiratory rate observed in the present study for the DM 


bulls at 26°C suggests that these animals were more stressed 
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than the carrier bulls. The elevated rectal temperature of 
the DM cattle during the heat stress indicates that the heat 
production was temporarily greater than the rate of heat 
loss from these animals. 

The trend for a higher plasma creatinine concentration 
in both animal types during the higher room temperature 
agrees with the results of Colditz and Kellaway (1972) who 
observed an increased urinary creatinine excretion in dairy 
heifers during heat exposure. Higher plasma creatinine 
concentrations in both the fasting and heat exposure studies 
in DM cattle is a characteristic of these animals which has 
been reported by Ansay and Hanset (1979). The muscular 
hypertrophy of the young DM bulls could only partially 
account for the elevated plasma creatinine concentration in 
these animals (Ansay and Hanset 1979) and may also reflect 
the suggested generalized cell membrane defect (Basarab et 
alt p19so ls. 

Depressed serum T, concentrations for the DM bulls at 
26°C suggests that a decrease in their metabolism may have 
been occurring which would have ultimately helped to 
alleviate the heat stress. Fasting the DM cattle also 
resulted in a depression in serum T; concentration. The 
depressed T, concentration in DM cattle during mild stress 
may also reflect a greater rate of T, utilization. Webster 
(1976) has suggested that secretion of the thyroid hormones 
is depressed during prolonged exposure to thermal stress. 


The observation that serum T, concentration was unchanged 
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for the carrier bulls suggests that these animals were not 
as stressed as the DM bulls at the higher room temperature. 
Double muscled cattle have enlarged muscles which have 
an increased proportion of white muscle fibers (Ashmore and 
Robinson 1969). The increased capacity of the white muscle 
fibers for glycolytic metabolism and lactic acid production 
has been correlated to the more excitable temperament of DM 
cattle (Holmes et al. 1972b). Monin and Boccard (1974) 
Subjected DM cattle to an exercise stress and observed the 
development of metabolic acidosis as a result of excess 
lactic acid. In addition, the recovery to pre-exercise 
acid-base status takes longer in DM cattle (Holmes et al. 
1973). The development of relatively high concentrations of 
Gireubkating lactic acid ineDMecattlemlikelys results jinompan 
increased production due to a greater proportion of white 
muscle fibers (Ashmore 1974) and a decreased rate of 
utilization due to the smaller heart and liver of this 
cattle type (Ansay and Hanset 1979). An excess lactic acid 
production appears to occur during exercise (Monin and 
Boccard 1974), but does not necessarily occur in DM cattle 
duping, he acctons of (other wstressors. in thespresent 
Studies, lactic acid concentration was not; elevated, as a 
result of either the fast on wheat stressors. Similarly, it 
was not elevated by the 48 h fasting experiment of Holmes et 
al. (1973). Halipre (1973) observed that lactic acid 
concentration was elevated to similar levels for both normal 


and DM bulls after exposure to a severe acute heat stress. 
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In summary, DM cattle even respond differently than 
Carrier cattle to mild stressors such as a fast and heat 
exposure aS indicated by some of the more pronounced 
metabolic and physiological responses shown here. 
Differences such as lower plasma FFA and elevated BUN 
concentrations that occur during fasting reflect the leaner, 
more muscular composition of DM cattle. Double muscled 
cattle are very susceptible to losing body condition during 
underfeeding, for they utilize their enlarged muscles to a 
greater extent as an energy substrate. A marked depression 
in T; concentration appears to be a characteristic response 
of this cattle type to both fasting and a heat exposure. 
Double muscled cattle are more susceptible to a heat 
stressor, due to a possible defect in a heat loss mechanism. 
Heat production was temporarily greater than heat loss in DM 
cattle when heat stressed so that an increase in body 
temperature was observed. Lactic acidosis generally does not 
OCCUE BMPDM cCattlewduring. av fast oreheat stress; butwmay 


occur during an exercise stress. 
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Ill, EFFECT OF FASTING ON PLASMA GLUCOSE KINETICS IN DOUBLE 


MUSCLED CATTLE 


A. Abstract 

The effect of a 4d fast on plasma glucose kinetics was 
determined in three 14 mo of age normal-to-moderate 
(carrier) bulls and three of their double muscled (DM) 
half-siblings of the same sex and age. The bulls were group 
fed twice-daily 13 kg of a concentration ration and grass 
hay ad libitum. A single injection of approximately 500 uCi 
of 6-*H-glucose was administered by means of a jugular vein 
catheter at 1200 h for each bull in both the fed state and 
abter cthetavdrfest  hTheplainessot mbestmiitytoraplasma glucose 
Specific activity curves were determined by a non-linear 
‘least squares computer program. 

There were no Statistically significant effects of 
animal type or treatment on. plasma glucose or blood lactic 
acid concentrations. The glucose entry rate during the fed 
State was 30.2 mg/kg°*’*/min which was significantly (p<0.05) 
greater than 18.1 mg/kg*’>/min eStimated after the 4d fast. 
The aereversible. losswotn7.6 mg/kge"=/min- ine thested Shoes 
was greater (p<0.05) than 4.1 mg/kg*’*5/min estimated after 
the 4 d fast. There was a trend (p<0.1) for the glucose pool 
Size to be less in the fasted state for both animal types. 
The glucose pool size was significantly greater (p<0.05) in 
the carrier than in DM bulls (44.3 g vs 22.2 gq). The lower 


glucose pool size in the DM bulls during both the fed and 
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fasted states probably reflects the relatively smaller liver 


and cardiovascular system in this cattle type. 


B. Introduction 

Cattle displaying the double muscled (DM) syndrome are 
characterized by relatively finer bones, reduced body fat 
content and enlarged skeletal muscles compared with normal 
cattle. (Oliver and Cartwright 1968). Hendricks et al. 
(1973) have suggested that the generalized muscular 
hypertrophy of DM cattle can be accounted for by at 
increased proportion and size of the white muscle fibers, 
while the number of the red muscle fibers is not affected. 
These differences in the proportion and size of skeletal 
muscle fibers have also been reported to be present in the 
BMifetusmcAshmore et vale 7O742 (Swatland and ikrefifer! 1972). 
Mascarello and Geroldi (1974) have studied skeletal muscle 
fiber types in the Piedmont. breed of cattle and confirmed 
that the extremely heavily muscled animals commonly found in 
this breed also have proportionally more white muscle fibers 
than normal muscled animals of the breed. 

Biochemically the white muscle fibers have a relatively 
high capacity for anaerobic metabolism as they have few 
mitochondria, are enzymatically adapted for glycogenolytic 
and glycolytic metabolism and possess relatively large 
glycogen reserves (Ashmore 1974). Double muscled cattle have 
been reported to develop a lactic acidosis when subjected to 


various severe stressors (Holmes et al. 1973; Monin and 
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Boccard 1974). These high concentrations of lactic acid in 
the circulatory system of DM animals may arise from an 
increased rate of production, a decreased rate of 
Utilization of lactichacidl or jpossibiywalcombination) o£ 
both. The relatively large size of the skeletal musculature 
in DM cattle may account for lactic acid production 
exceeding its utilization. At the same time lactic acid 
utilization may be reduced as Ansay and Hanset (1979) have 
reported that the lungs and hearts of DM cattle are 
proportionately smaller when compared with similar sized 
normal muscled animals. These organs are primarily 
responsible for maintaining oxidative metabolism and under 
the influence a stressor, DM cattle may have to rely toa 
greater extend on anaerobic metabolism as compared to normal 
cattle (Holmes et al. 1972b). The liver in the DM animal has 
also been shown to be relatively ane (Ansay and Hanset 
1979) and since it is the key gluconeogenic organ in the 
body (Bergman 1973) lactic acid and hence glucose metabolism 
may be altered. The objective of this study was "8 determine 
if glucose metabolism differs between DM and phenotypically 
normal cattle under resting conditions and when the animals 


are subjected to a mild stressor. 


C. Materials and Methods 
The animals used in this study were from the double 
muscled herd maintained at The University of Alberta's Beef 


Research Ranch. Cattle within the DM breed group were 
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phenotypically categorized (Basarab 1981) as either extreme 
in muscling (DM) or normal-to-moderate in muscling 
(carrier). 

The effect of!a 4 d fast on plasma glucose kinetics was 
Studied on three carrier 14-mo old bulls and three of their 
DM half-siblings of the same sex and age. The mean body 
weight after the fasting period was 432 kg for the carrier 
and 399 kg for the DM bulls. The animals were housed 
together and group fed a diet consisting of 13 kg of a 
concentrate ration twice-daily (0730 and 1600 h) and grass 
hay ad libitum. Water and mineralized salt were available 
free choice. During the fasting period, food was withheld 
for 4 dad, and water and mineralized salt were available ad 
Grbreum 

The cattle were kept in metabolic crates and an 
indwelling catheter was placed in each jugular vein the day 
before the experimental period. Approximately 500 uCi of 
6-°H-D-glucose (New England Nuclear, Boston, MA) was 
injected via one of the jugular vein catheters at 1200 h in 
both the fed state and on the fourth day of the fast. Serial 
blood samples (10 mL) were collected throughout each 240 min 
post-injection period from the second jugular vein catheter 
and transferred to chilled heparinized tubes. The blood was 
centrifuged immediately at room temperature and the plasma 
was removed and stored at -20°C until analyzed. 

Plasma glucose concentration was determined by an 


enzymatic procedure (Sigma, No. 726UV, St. Louis, MO). 
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Plasma glucose was separated from lactic acid by the 
anion-exchange procedure outlined by Schmidt et al. (1975). 
The eluate was collected into a scintillation vial, frozen 
and lyophilized in a VirTis SRC freeze-dryer (Gardiner, NY). 
The residue was dissolved in 1 mL distilled water and 15 mL 
Aguasole2 Aagquiduscintidlationvcockta:lsandycountedy»inea 
liquid scintillation counter (Searle Mark III, Des Plaines, 
IL). Whole blood lactic acid concentration was measured by 
an enzymatic procedure (Sigma No. 826-UV, St. Louis, MO) in 
samples obtained at 1000, 1100 and 1200 h in both the fed 
state and on the fourth day of the fast. 

The lines of best fit for the plasma glucose specific 
activity curves were determined by a BMDP (Package P3R) 
non-linear least Squares computer program. Glucose entry 
rate, pool size and irreversible loss were calculated by 
standard procedures (e.g. Leng 1970). The data were analyzed 
by analysis of variance (Steel and Torrie 1980). Preliminary 
observation of the statistical analysis indicated that the 
appropiate error mean squares for a parameter did not differ 
between treatments, so a pooled standard error of the mean 


was calculated. 


D. Results and Discussion 

There was no Significant difference observed for plasma 
glucose concentration between animal types or as a result of 
the 4 da fast (Table III.1). Holmes et al. (1973) reported 


that a 2 d fast resulted in a slight elevation in plasma 
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glucose concentration for both normal and DM animals. They 
also reported that the plasma glucose concentration for the 
DM animals was consistantly 20% higher than for the normal 
animals. The results of the latter study may reflect the 
more excitable temperament of DM animals (Holmes et al. 
1972b) as the blood samples were collected via venipuncture 
which may have been relatively more stressful. Young et al. 
(1974) subjected young Holstein steers weighing an average 
of 186 kg to a fast and observed a decrease of approximately 
24% in blood glucose concentration after 7 d. The larger 
Size of the animals and the shorter fasting period in the 
present study compared with the study by Young et al. (1974) 
may account for differences observed in these two studies. 
Recently, Galyean et al. (1981) reported that the plasma 
glucose concentration in beef steers did not change when the 
animals were fasted for approximately 4 d. 

An example of the time-course change in plasma glucose 
Specific activity for a DM bull during both the fed and 
fasted states is presented in Figure III.1. A two-component 
system was the best fit for the data. The mean kinetic 
parameters for all animals are presented in Table III.1 and 
TablewIII:2. There was no significant difference between the 
phenotypes for either glucose entry rate or irreversible 
loss. The glucose entry ratesand irreversible loss were 
Signpiicant lycip<0. 05) ereducedeinathesfasted state’ foryboth 
animal types. The average glucose entry rate of 30.2 7 


mg/kg*’*/min for the fed state is approximately 50% higher 
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than the conte reported by Young et al. (1974) for Holstein 
steers. This difference may reflect the sex of the animals 
and the diet, as Young et al. (1974) fed a maintenance diet 
at intervals of 2 h, whereas the diet in the present study 
was above maintenance and fed twice daily. After 4 days of 
fasting in the present study glucose entry rate was still 
higher than the value obtained by Young et al. (1974) after 
fasting their animals for 7 days. 

Glucose pool size tended (p<0.1) to be less in the 
fasted state for both animal types and was significantly 
(p<0505) less tin*the *DM*cattle than inethe carrier cattle in 
both the fed and fasted aeaeee The pool size of the carrier 
cattle in the fed state was similar to that reported for 
Zebu and Zebu x Brown Swiss bulls by Ferreiro et al. (1979) 
but was lower than that reported by Young et al. (1974) for 
smaller Holstein steers. The trend for a decrease in the 
glucose pool size during fasting in the present study and in 
the study of Young et al. (1974) indicates that less glucose 
was in equilibrium with the sampling pool during the 
experimental period in the fasted state compared with the 
fed state. The significantly smaller glucose pool “size in 
the DM cattle is not reflected by a lower plasma glucose 
concentration and may therefore result from reduced tissue 
glycogen stores or possibly an altered extravascular glucose 
tracer distribution. The smaller glucose pool size in DM 
Gattletmay beva result@of smaller organs such asthe liver 


and those of the cardiovascular system (Ansay and Hanset 
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1979). The smaller size and similar glycogen content 
(BreDahl 1969) in livers of DM cattle compared with normal 
Cattle sindrcate thatethe total glycogen content in livers sof 
DM cattle may be reduced, which is possibly reflected by the 
smaller glucose pool size. Double muscled cattle probably 
have a greater total amount of glycogen stored in their 
skeletal muscles due to the increased number of the larger 
white muscle fibers which contain relatively more glycogen 
than red muscle fibers (Ashmore 1974). Muscle cannot 
directly contribute glucose to the plasma pool Porat aise 
muscle cells have extremely low glucose-6-phosphatase 
activity (Surholt and Newsholme 1981). Employing the plasma 
volume proportion obtained by Degan and Young (1980) for 
sheep, it would appear that the glucose pool size for the DM 
bulls in the fasted state can be accounted for by the 
glucose located in the plasma, indicating that a different 
distribution of the glucose.tracer may exist between the two 
cattle types. Interpretation of kinetic parameters in terms 
of anatomical boundaries should be performed with Caution, 
as the mathematical model may not represent specific 

Mee orient pools (Kronfeld 1977). 

Double muscled cattle have been reported to be more 
stress susceptible as compared with normal cattle and excess 
stress may result in a physiological imbalance such as 
metabolic acidosis. Monin and Boccard (1974) and Holmes et 
ale (9973) have Treportea that tactic acidosis yoccursein DM 


cattle during rigorous exercise which may result in severe 
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muscle damage as indicated by myoglobinuria (Holmes et al. 
1972a). In the present study lactic acid concentration was 
not elevated as a result of the fast nor was it elevated by 
the fasting experiment of Holmes et al. (1973) indicating 
that fasting may not be a severe enough stressor to have a 
major effect on lactate metabolism. 

In summary, it appears that glucose metabolism, as 
measured by plasma glucose kinetics, in resting fed or 
fasted DM animals does not differ from their 
cme eeenode rate muscled half-siblings. Also, both DM and 
Carrier cattle respond in a Similar manner to a fast as 
irreversible loss, total entry rate and glucose pool size 
were less in the fasted state as compared with the fed state 
in both animal types. The significantly smaller glucose pool 
Size in DM bulls in both the fed and fasting states probably 
reflects the proportionately smaller size of both the liver 
and the cardiovascular system in DM cattle. Although the DM 
cattle used in this study do not have an apparent altered 
whole body glucose metabolism in the fed state and after a 4 
d fast when compared to their half-sibling carriers, they 
may have when subjected to sudden and severe stressors such 
as exercise involving increased activity of their skeletal 


musculature as has been shown to occur in other studies. 
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O Fasted 
O Fed 


Specific Activity of plasma Glucose 
(dpm X 103/mg glucose) 


50 100 150 200 250 
Time (min) 


Figure I11.1.An example of glucose specific activity curves 
for a double muscled bull in the fed state and after a four 


dayittacty following Sangle, injection of (6— Hegilucose, 
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IV. SOME KINETIC PARAMETERS OF SERUM TRIIODOTHYRONINE AND 


METABOLIC RATE OF DOUBLE MUSCLED CATTLE 


A. Abstract 

Kinetic parameters of serum triiodothyronine (T;) and 
metabolic rate (MR) were determined in double muscled (DM) 
and phenotypically normal-to-moderate muscled (carrier) 
Cattle. Three carries, 19° mo old bulls andcthree of their DM 
half-siblings were fed grass hay diet ad libitum. 
Approximately 1 mCi of ‘'?5I-T,; was injected into a jugular 
vein catheter and serial blood samples were collected froma 
second catheter for 12 h post-injection. The specific 
activity of serum T; was determined by a modified 
radioimmunoassay procedure. Kinetic parameters of serum T, 
such as pool size, irreversible loss (IRL) and total entry 
rate (TER) were calculated by standard Teenodss Theat DOO. 
size was higher (p<0.001) in DM as compared to carrier 
cattle which probably reflects the reported higher serum T, 
concentration of this animal type. A trend (p<0.1) for IRL 
of T, to be greater in DM cattle was observed, whereas TER 
for T; in the DM cattle was not observed to be significantly 
ditfierent from carrier: cattle. 

The MR for 24 h was determined for four DM and four 
carrier bulls. Within each animal type there were two 
yearlings) and, two: 3 yr oldjanimals,: alljofi whach were fed 
Grascshhevedd, Ji bitum Wpmuntidemizeheberoresthemexperumentad 


period. The calculated daily MR of 415 kJ/kg™’*/d estimated 
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for the DM bulls was higher (p<0.05) than 366 kJ/kg®’*/d for 
the carrier bulls. Also, the MR of 424 kJ/kg*’*/d»for the 
yearling bulls was higher (p<0.05) than 357 kJ/kg’*/d for 
EnéeSseyreoldebulis the larger@T spool size, ithe (trend 
towards an increased T,; IRL and the elevated MR of DM cattle 
are strongly suggestive that this animal type is relatively 


hyperthyroid. 


Ber introduction 

The double muscled (DM) syndrome in cattle is a genetic 
condition which is characterized by an enlargement of 
Skeletal muscles, reduced body fat, and by relatively small 
internal organs in affected animals (Oliver and Cartwright 
1968). The generalized muscular hypertrophy of DM cattle is 
a result of an increased number of the larger white muscle 
fibers, while the number of red muscle fibers is not 
affected (Hendricks et al. 1973). A faster rate of gain and 
an improved feed conversion efficiency up until a year of 
age in some DM populations, as well as the production of 
leaner carcasses would appear to make DM cattle a Superior 
beef cattle type (Oliver and Cartwright 1968). Disadvantages 
associated with DM cattle production are the poor 
reproductive performance of the females (Vissac et al. 1974) 
anasthe observation that DM cattle are moresstress 
susceptible compare to normal cattle (Holmes et al. 1973). 

The etiology of stress susceptible (SS) swine has been 


more extensively studied than that of DM cattle. There are 
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numerous Similarities between DM cattle and SS swine. The 
genetics of both of these conditions are Similar and 
phenotypically these animal types are lean, muscular and 
more stress susceptible than normal animals of their species 
(Ashmore 1974). There is an increased proportion of the 
white muscle fibers in their enlarged muscles and excess 
pre-slaughter stress may result in poor quality carcasses 
(Ashmore 1974). Relatively fragile erythrocytes (Cheah and 
Cheah 1979) and a sensitivity to the anaesthetic halothane 

| (Eikelenboom and Minkema 1974) have been reported in SS 
Swine. Additional physiological characteristics of SS swine 
include increased serum thyroxine (T,) concentration 
(Eikelenboom and Weiss 1972) and T, turnover (Marple 1977), 
and elevated basal metabolic rate (Sundstol et al. 1979). 
Marple et al. (1977) have reported an increased metabolic 
clearance rate of triiodothyronine (T;) in SS swine and have 
suggested that the increased heat production in these 
animals may be a result of over stimulation of the 
sarcoplasmic reticulum by thyroid hormones. Basarab (1981) 
has observed that the concentration of the thyroid hormone 
Taiisihigher in DM .cattle. “Thegoebjectivessof «this study were 
to determine some kinetic parameters of serum T; and to 
estimate the metabolic rate of double muscled cattle and 


compare these results to phenotypically normal cattle. 
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C. Materials and Methods 

All animals used in the following two studies were from 
the double muscled herd maintained at The University of 
Alberta'a Beef Research Ranch. Cattle within the DM breed 
group were phenotypically categorized (Basarab 1981) as 
either extreme in muscling (DM) or normal-to-moderate in 
muscling (carrier). 

Study I 

Three carrier, 19 mo old bulls and three of their DM 
half-siblings were housed together and were accustomed to 
handling. The animals were fed a grass hay diet ad libitum 
and had free access to mineralized salt and water prior to, 
and during the experimental period. 

The cattle were kept in metabolic crates and an 
indwelling catheter was inserted into each jugular vein the 
Gay before the experimental period. Approximately 1 mCi of 
'257-T, (New England Nuclear, Boston, MA) was mixed with 10 
mL of autogenous plasma and injected via one of the jugular 
vein catheters. Serial blood samples (10 mL) were collected 
from the second jugular vein catheter and allowed to clot in 
centrifuge tubes for 3 h. The samples were centrifuged and 
the serum was removed and stored at -20°C until analyzed. 

The serum concentration of T, was determined by 
radioimmunoassay (Chopra et al. 1972). Radioactivity arising 
from the injected tracer was accounted for by incubating 
each serum sample in duplicate with an equal volume of 


buffer (sample blank) in place of the radioactive antigen. 
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estimated by dividing the counts in the sample blank by the 
percent bound. T,-andimultiplying! this: value’ by' 100%. The 
percent bound T;, was calculated during the T, concentration 
determination for each sample. The specific activity of each 
sample was determined by dividing the counts associated with 
T,; by the amount of T; in the respective serum sample. The 
lines of best fit for the serum T, specific activity values 
were determined by a BMDP (Package P3R) non-linear least 
Squares computer program. Triiodothyronine total entry rate, 
pool size and irreversible loss were calculated by standard 
procedures used for other blood hePabedties (e.g., Leng 
1970). The means were compared statistically by use of the 
Student t-test (Steel and Torrie 1980). 
study 11 

in -thist#study fourscarrvier bulls wand four of thewr DM 
half-siblings from the DM population were used. Within each 
animal type there were two yearlings and two 3 yr old 
animals. Prior to the experimental period, the animals were 
accustomed to having their heads inserted into a respiratory 
hood. The animals were fed a grass hay diet ad libitum and 
had free access to mineralized salt and water prior to the 
experimental period. 

The cattle were placed in metabolic crates and all feed 
was removed at 2000 h the day before the experimental 
period. The 24 h metabolic rate was estimated by indirect 


calorimetry by the procedure of Young et al. (1975) starting 
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at 0800 h the morning following the removal of feed. Water 
waS available to the animals during the metabolic rate 
determination. The data were statistically analyzed by 


analysis of variance (Steel and Torrie 1980). 


D. Results and Discussion 

An example of the time course change of serum T, 
specific activity is presented in Figure IV.1. The data were 
best represented by a two-component system and the 
calculated kinetic parameters are listed in Table IV.1. The 
Terpool sizepforsethe DM bulds of’ 1.01.mg was higher 
(p<0.001) than that of 0.49 mg estimated for the carrier 
_bulisteirreversible loss valuesefor Tj.tended (p<0.1) to’ be 
higher for the DM animals compared to the carrier animals. 
Mean T, entry rates for the DM bulls and the carrier bulls 
dedenottdstfer \Significantiyy. 

Direct comparison of the T,; kinetic data reported in 
this study to that reported in the literature is complicated 
by the different methods of estimation of parameters. 
Irreversible loss in this study is synonymous to the term 
turnover rate of ether workers (Leng 1970). The estimate of 
T, irreversible loss in this study agrees with the value of 
the turnover rate of T, reported by Erenberg et al. (1973) 
for pregnant sheep when expressed on a metabolic weight 
basdsamm@he JargerT, entry iratercomparediwith therT, 
irreversible loss probably reflects the exchange taking 


place between serum T; and other compartmental pools. 
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The larger T; pool size in the DM animals probably 
reflects the elevated serum T, concentration as reported by 
Basarab (1981) in DM cattle relative to carrier and normal 
cattle. The significantly lower serum concentration of 
reverse-triiodothyronine (see Chapter II) in DM cattle 
compared to carrier cattle supports the observation of 
elevated serum T,; concentration in this cattle type as serum 
concentrations of reverse-triiodothyronine are normally 
inversely related to serum concentrations of T, (Bernal and 
Refetoff 1977). Recently, Novakofski and Kauffman (1981) 
reported lower serum T, levels in DM cattle. Differences in 
the reported serum T, concentrations may reflect the 
influence of stress prior to blood sampling as the effect of 
both fasting and heat exposure have been shown (see Chapter 
II) to result in a depression in serum T,; concentration in 
DM bulls while the levels in carrier bulls remained 
relatively constant. A more meaningful measure of thyroid 
hormone status may be obtained by kinetic studies (Marple et 
al. 1977). The trend towards an increased T; irreversible 
loss in DM bulls relative to carriers indicates a higher 
rate of metabolism of T; in DM cattle. Marple et al. (1977) 
have reported that SS swine, which are muscular and lean 
like DM cattle, have a higher rate of metabolism of T, as 
well as T, relative to normal swine. Standal et al. (1980) 
have reported the rate constant for T,; degradation and the 
T, concentrations were higher for a line of pigs selected 


for high rate of gain and low backfat thickness compared to 
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a line of pigs selected for low rate of gain and high 
backfat thickness. 

The estimated daily metabolic rate of 415 kJ/kg*75/d 
estimated for the DM bulls was significantly higher (p<0.05) 
than 366 kJ/kg°*’?*/d estimated for the normal carrier bulls 
(Table IV.2). Similarly, the metabolic rate (424 kJ/kg°*:7°/d) 
for the yearling bulls was significantly higher (p<0.05) 
than that (357 ku/kees Wd) forvthe 3%yr old bulws HTable 
IV.2). These values fall in the range of estimates surveyed 
by Webster (1978) and are consistent with the trend for 
relatively higher metabolic rates in younger animals. 

The metabolic rate of both SS swine and DM cattle 
appears to be elevated above that of normal muscled animals 
of the same species. Williams et al. (1977) have shown that 
the lean and muscular SS swine have a higher basal metabolic 
rate than normal swine. Sundstol et al. (1979) compared the 
metabolic rates of pigs selected for reduced backfat and 
rapid rate of gain (lean) to pigs selected for increased 
backfat and ice rate of gain (fat) and observed that the 
"lean" pigs had an elevated metabolic rate. Similarly, 
Pullar and Webster (1977) estimated the maintenance 
requirements of lean and fat Zucker rats and observed that 
the leaner rats produced more heat per unit body weight. © 
Recently, experimental evidence has prompted the speculation 
that the maintenance requirements (Hanset et al. 1979) and 
the metabolic rate (Kolataj et al. 1979) of DM cattle are 


higher relative to normal cattle of the same weight. The 
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present study agrees with this speculation. 

The elevated concentration of serum T,;, (Basarab 1981), 
the significantly larger T, pool Size and the trend towards 
an increased T, irreversible loss in DM cattle, plus the 
observation that DM cattle have an elevated metabolic rate 
are strongly suggestive that this animal type is relatively 
hyperthyroid. Similar observations have been reported for 
both lean rats (Pullar and Webster 1977) and lean pigs 


(Marple et al. 1977). 
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Mable 1V.1 Mean’ traodothyronine: (Ts) “pool sizeifroetal 
entry rate (TER) and irreversible loss (IRL) 
Galewlated= from assingle anqecti1on of. “a l-T. 
in carrier and double muscled (DM) bulls. 


Phenotype? Carrier DM SEM? 
Pool Size (mg) 0.49 ee 0.09%x* 
TER (ug/min) O5 ss) 21S 
IRL (ug/min) 0.48 Oesi2 O20 


Three animals per mean. 

Based on a subjective score for muscling. 

Standard error of the mean for phenotype. Asterisks 
indicate a Significant phenotype difference (p<0.001). 
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Table IV.2 Mean' metabolic rate (kd/kg*’°/d) by phenotype 
and age for carrier and double muscled (DM) 


buns. 
Phenotype? Age 
Carrier DM EVE Say SEM? 
S699 415.0 Ao SO7 2s eae 


' Four animals per mean. 
2 Based on a subjective score for muscling. 
> Overall standard error of the mean. Asterisk 
in each row within each major heading indicates 
a Significant phenotype or age difference (p<0.05). 
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Figure 1V.1 An example of the time course of serum specific 
activity inva sdoublemmuscled bull followingya Single 
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V. REPRODUCTION IN DOUBLE MUSCLED COWS 


A. Abstract 

The reproductive performance of double muscled (DM) and 
phenotypically normal-to-moderate muscled (carrier) heifers 
and cows were studied. The calving records of carrier and DM 
heifers over a 4 yr period were compared. None of 8 DM 
heifers produced a live calf whereas all of 14 carrier 
heifers had live calves as a result of their exposure to a 
bublvated | 7rmosof cages (p<02008) . 

The endocrine and behavioural changes during the 
estrous cycles of 4 DM and 2 carrier cows from the DM herd 
were studied when penned with a DM bull. Blood samples were 
collected twice daily for 25 d and analyzed for 
estradiol-178, progesterone and luteinizing hormone. All the 
cows Sees SOL 1 DM cow had normal hormone concentration 
patterns and behaviour at estrus, indicating that they had 
apparently normal estrous cycles. A normal muscled bull 
replaced the DM bull for a following 25 d period. 

All of the cycling cows were diagnosed as being 
pregnant at approximately 4 mo following breeding and the 
Carrier cows subsequently calved without assistance. One of 
the DM cows aborted while the other two required assistance 
with calving and one of these calves died a few days 
following birth. Visually the mammary glands of the DM cows 
which calved were smaller than those of the carrier cows. 


Plasma progesterone concentrations during the last 6 wk of 
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gestation were similar in carrier and DM cows, indicating 
that an imbalance in other synergistic hormones may be 
involved. It was concluded that the DM cows have an 
apparently normal estrous cycle and that anatomical and 
conformational characteristics of this cattle type may 


account for some of the associated reproductive problems. 


B. Introduction 

Muscular hypertrophy or the double muscled (DM) 
Syndrome in cattle is frequently associated with 
characteristics which severely restrict animal production. 
DM cattle are more susceptible than normal cattle to 
stressors such as heat exposure (Halipre 1973), fasting 
(Holmes et al. 1973), exercise (Monin and Boccard 1974) and 
routine handling and transport (Holmes et al. 1973). The 
major disadvantage associated with this animal type, 
however, is the poor reproductive performance of the 
females. Vissac et al. (1974) have shown that puberty may be 
delayed, milk production is reduced and abnormal estrous 
cycles occur more often in DM than in normal cows. Dystocia, 
Stillbirths and caesarian sections are relatively common in 
DM cows (Oliver and Cartwright 1968). Hanset and Jandrain 
(1979) have reported that more than 48% of the DM heifers 
and 25% of the DM cows in the Belgian Blue and White breed 
require caesarian section. Menissier et al. (1974) have 
suggested that the poor fertility of DM cows may be 


attributed to a defective sexual behaviour at estrus, 


7 


“Hela gai a Gore 1 le et an 
Teo oe ae ae eS eae wane ne ~ 


J an 
‘ee 


; | ‘ eae 
bl) bee nh: ee ile ne an \ aid ba: hava 
‘a is f 
bee he ee ugh canta 1004 
a el ee ee a | eit Log 


~~ Rh Nie : ‘ i 


Lia | bis mas s athionips 
Or sue b a) Hela he ih Tuy i 


Bie") 


hari ae chante ost ae, ‘a a” 7 

r : jl ois a” a FAN iY aah, La halal ai 

eh ya horus : ee ae a oe ieee 
uy atta hia te omit 4 dal "3 

‘ Rp | naa a wv apery vain 1 a 


i \ AY ‘ a met ! 
re) i BN 4 Ns sh cf at , om 
oe : i my Merle ~ y A 

My 


| Rice. ia ah 
ayia (AY) mite 7 inne, ‘id, shoe i, 
. 7 a LF ini niin e a a i 
‘ eS cigs, i“ on: ayo 
: i ; we vey | j 


ead ha ee a a 
a a et 


74 


possibly arising from an endocrine disturbance. The 
objective of this study was to assess behavioural estrus and 
some associated endocrine changes in phenotypically normal 


and heavily muscled cows from a small DM herd. 


C. Materials and Methods 

All animals used in the following two studies were from 
a DM breed group maintained at The University of Alberta's 
Beef Research Ranch. The DM herd records indicate that 
reproductive problems are common. Externally, the 
reproductive organs of the most muscular cows in this herd 
appear infantile. All the calves born in the DM herd during 
a given year are generally half-siblings and are 
phenotypically scored (Basarab 1981) as either 
normal-to-moderate muscled (carrier) or extreme muscled 
(DM). 
Study I 

The calving records of carrier and DM heifers for a 4 
yr period (1977-1981) were compared. Generally, all the 
heifers from the DM herd were bred to small statured "Pee 
Wee" (Berg 1980) bulls to reduce the incidence of calving 
difficulties. The statistical significance of the number of 
live calves born in each of the two phenotypes was 
determined by the Chi-Square test (Steel and Torrie 1980). 
Study II 

The endocrine and behavioural changes during the 


estrous cycles of three DM and two carrier 3-year old cows 
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and one DM 2-year old cow from the DM herd were studied. 
During the previous breeding seasons only one of four DM 
cows had a calf, while each of the carrier cows had two 
calves. All cows were penned together for a 25-day period 
with a DM herd bull which was a successful sire for the 
previous 2 breeding seasons. The animals were group fed 17 
kg concentrate daily and grass hay was fed ad libitum. Blood 
Samples were collected via jugular venipuncture (10 mL 
heparinized vacutainer tubes) at 0800 and 1800,h each day 
throughout the 25-day period. The plasma was removed and 
Stored at -20°C until analysis. Visual signs of estrus were 
recorded during the daylight hours throughout this period. 
AGeerethevbinst.Zosday perrodsthesDMebullowas# replaced by a 
larger normal bull for a second 25-day period. 

A veterinarian diagnosed pregnancy by rectal palpation 
at approximately 4 mo gestation. Two pregnant carrier cows 
from the DM herd were added’to the study at this time. Blood 
samples were collected once per wk for 6-to-10 wk before 
calving and the plasma was prepared and stored at -20°C 
until analysis. 

Plasma progesterone eonseneraeion was measured in the 
morning samples of the first 25-day period by means of a 
radioimmunoassay kit (New England Nuclear, Boston, MA) and 
during gestation by a radioimmunoassay kit (Nuclear Medical 
Systems, Inc., Newport Beach, CA). Luteinizing hormone (LH) 
was measured in both the morning and afternoon samples by a 


radioimmunoassay kit (Diagnostic Products Corporation, Los 
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Angles, CA) and estradiol-17B8 was measured in the afternoon 
samples by the radioimmunoassay procedure of Rawlings et al. 
(1980). Commerical radioimmunoassay kits (Diagnostic 
Products Corporation, Los Angles, CA) were used to determine 
the concentrations of triiodothyronine (T,) and thyroxine 
(T,). Serum creatinine concentration was measured by means 
of a Beckman 2 Creatinine Analyzer (Fullerton, CA) ina 
blood sample obtained at the beginning of the study. 
Subcutaneous fat thickness was measured over the last rib at 
the time of Aveanan cranes by an ultrasonic scanner 
(Scanograms722; vhthaea |Ines; -ithaca, | NY) . 

Statistical analysis between the carrier and DM cows 


was made using Student's t-test (Steel and Torrie 1980). 


D. Results and Discussion 

Average plasma thyroid hormone and creatinine 
concentrations and subcutaneous backfat thickness values for 
the carrier and DM cows are shown in Table V.1. DM cows 
tended (P<0.1) to have higher serum T, concentrations while 
no difference was observed for serum T, concentrations. 
Elevated concentrations of serum T; have been observed to be 
characteristic of DM cattle (Basarab 1981). The average 
serum creatinine concentration (2.3 mg/dL) for the DM cows 
tended (P<0.1) to be higher than that (1.4 mg/dL) for the 
carrier cows which agrees with the results of Ansay and 
Hanset (1979). A significantly lower (P<0.05) subcutaneous 


backfat thickness in the DM cows is also characteristic of 


slag! code Bi GR * hoeetale oye 9 hd tine \ a : 
Cee opel tae is tuber te, deli ots eas aptlae 
<9 nage SY A 2 ia nek ance Aa tear i 

SP a ER Boe” eee fee re ee cals 


, ‘ 
a . 
A a 


iM 


‘ i 0 oe ee if onl Die ears dual 7 xe Knees i 


Lire Bulk GaN PE a eRRRS What pcs rei 


i 7 Ky 
mE .! 
yee: ; ah yo 1) an Ses a ? si duane, & ot on me | 


Pe ee A pam baa i 80% 
we Rae Panty dail Sabor oii ine ening 


| 


. i) _ heme 1 Oa ig: it r 
aaa ee Papel ‘ee ihe # 


hae 


| is ray hii ohh cer 
sieht chan! ii 4 Pein "ince Silk 


uy osna diane si 

| | iy i a ani n cen mei 
eee | beste 
a 


ul. Aeagalid sce fait 8 tan 
CN rr ge a 
ie mn a. zai f * she 
ar Lay Ny eee 8 

are 3 mvs eel on ; ib ivi s v 


alt iy oe ts es a Pi oe a4. | ed ae ave Ne mu! “te 
i : A 


] 


\ ew nt jy, me 
. | pe ul 
a . oe oi ¥ 
‘ce gag LAD SA a “a 


: at! 17 rep 


7 ie +o | 
ei hi “traf 


P 


oe 
ve tae ii | 


Tih 


this animal type (Oliver and Cartwright 1968). The trend for 
higher concentrations of serum creatinine and thinner 
backfat reflect the leaner more muscular composition of the 
DM animals. 

The DM herd breeding records (Table V.2) indicate that 
the DM heifers do not have calves as a result of their first 
exposure to a bull, which supports the obsServation of Vissac 
et al. (1974). To date, there have been only two heavily 
muscled. DM cows from The University of Alberta's DM herd 
which have had calves which have lived to weaning age. 
CaeSarian sections, stillbirths and high neonatal mortality 
are common for heavily muscled cows in this DM herd. These 
reproductive problems have been reported previously to be 
prevalent in other populations of DM cattle (Hanset and 
Jandrain 1979° Menissier et:al. 1974:* Vissac et al. 1974). 
Pe ane aa Signs of estrus indicated that all cows except 
for onesofetheaeDMycowsswerescycling, In all.of the cycling 
cows plasma progesterone concentrations decreased to levels 
approaching the aes Ob detection prior to estrus and then 
increased after estrus. Examples of the time course change 
in plasma progesterone concentrations for a carrier and a DM 
cow are shown in Figures V.1 and V.2, respectively. These 
observations are in agreement with the "typical" 
progesterone concentration pattern described by Sorensen 
(1979). In the non-cycling DM cow (Figure V.3) plasma 
progesterone concentrations did not follow the 


characteristic pattern and remained relatively low 
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throughout the 25-day sampling period. 

Plasma concentrations of LH are not presented in the 
Figures as plasma sampling was not sufficiently frequent to 
characterize the size and duration of the LH peaks. Also, 
the assay was not specific to bovine LH consequently 
relative changes in LH concentrations and not absolute 
concentrations were measured. In this study plasma LH 
concentrations were observed to rise abruptly on the day of 
estrus in all cows showing behavioural estrus. Schams et al. 
(1977) have observed that LH peaks have an average duration 
of 7.4 h during estrus and most frequently occur at either 
0800 or 1400 h, which are the approximate times when blood 
samples were collected in this study. Plasma estradiol-17£ 
concentrations were observed to peak the day preceeding or 
the day of estrus (see Figure V.1) which agrees with the 
observations of Dobson and Dean (1974). The above endocrine 
patterns in the cycling cows appears to follow the 
"idealized" estrous cycle described by Hafs et al. (1976). 

Two of the cycling DM cows did not conceive at their 
first estrus as hormonal and behavioural events associated 
with estrus were recorded again 18 to 20 d later. For this 
reason the cows were exposed to a large normal bull during 
the second 25-day period. The possibility that the enlarged 
rump of the DM cows and the smaller stature of DM bulls may 
interfere with mating has been suggested by Oliver and 
Cartwright (1968). McKellar (1960) ‘has speculated that the 


infantile external reproductive tracts of DM cows may also 
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contribute to difficult mating. Possibly, the lower 
reproductive performance of DM cattle may be due in part ta 
anatomical and conformational characteristics of eae cattle 
type. 

All of the cycling cows were diagnosed as being 
pregnant by means of rectal palpation at approximately 4 mo 
following breeding. All of the carrier cows calved without 
assistance. One of the DM cows aborted while the other two 
required assistance with calving and one of these calves 
died a few days following birth which further supports the 
observations of Hanset and Jandrain (1979). me 

Milk production is less in DM cows and Vissac et an 
(1974) concluded that a possible endocrine imbalance may be 
responsible for this reproductive characteristic. Visually, 
the mammary glands of the DM cows which calved were smaller 
than those of the carrier cows which suggests that their 
ability to produce milk was reduced. The time course change 
in plasma progesterone concentrations during the last 6 wk 
of gestation do indicate that plasma concentrations of 
progesterone are Similar in carrier and in DM cows at this 
time (Figure V.4). Progesterone is only one of the hormones 
involved in mammary gland growth and development, and some 
other synergistic hormones include estrogens, growth 
hormone, glucocorticoids, prolactin and the gonadotropins 
(Schmidt 1971). Not only is the concentration of a given 
hormone and its relationship to other hormones in the 


circulation important for mammary gland growth, but also the 
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SenSitivitysof the target cells to that hormone must be 
considered (Fulkerson 1979). Double muscled cows may have an 
endocrine imbalance or an abnormal sensitivity in mammary 
gland tissue to a given hormone which may account for the 
reduced milk production in this cattle type. 

Although the number of animals studied was limited, it 
was apparent that reproductive problems such as delayed 
fertility in heavily muscled cows, routine calving 
assistance and neonatal mortality are common in DM cattle 
from The University of Alberta's population. Similar 
findings have been reported for other populations. Carrier 
and heavily muscled DM cows display similar estrous cycles 
as indicated by behavioural and hormonal observations. 
Cycling DM cows are capable of fertilization and conception, 
but may be less capable of carrying the fetus to term than 
normal muscled or carrier cows from the DM herd. Anatomical 
and conformational characteristics of this cattle type may 
also account for some of the associated reproductive 
problems of DM cattle. Studies of other endocrine factors 
may provide insight into the physiological basis of the 
problem and may suggest a means of successfully managing 


reproduction in heavily muscled cattle from DM herds. 
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Table V.1 Mean physiological parameters for carrier and 


double muscles (DM) cows. 


Phenotype‘ 

Carrier DM 
Triiodothyronine 79 100 
(ng/dL) 
Thyroxine 3.4 3.8 
(ug/dL) 
Creatinine 1.4 fag) 
(mg/dL) 
Back-fat thickness 6.4 326 
(mm) 


1 


2 Standard error of the mean. 


Based on a Subjective score for muscling. 
Asterisk in each row 


SEM? 


indicates a significant phenotype difference( p<0.05). 
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table Vie2 The number of carrier and double muscled (DM) 


heifers from a DM herd which calved between 
thewyears 1977-198m. 


Phenotype' 


Carrier DM 


Number of heifers 14 


Number of live calves born? 14 O %*x*x 


1 


Based on a subjective score for muscling. 


2 Asterisks indicate a significant phenotype 
difference (p<0.001). 
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Figure V.4 Average plasma progesterone concentration during 


the last six weeks of gestation in carrier and double 


muscled cows. 
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VI. RESPONSE OF DOUBLE MUSCLED CATTLE TO HALOTHANE 


A. Abstract 

Halothane anaesthetic was administered to acheive stage 
III plane 2 anaesthesia (anaesthesia) in phenotypically 
normal-to-moderate muscled (carrier) and double muscled (DM) 
cattle. In the first study three DM and seven carrier 5 mo 
old bull calves were grouped and forced to run at 20 km/h 
around an alleyway for 2.4 km. Blood samples were collected 
before the exercise and 24 h post-exercise when the 
halothane was administered. Two DM calves were unable to 
complete the exercise so it was discontinued for these 
animals. Plasma creatinine was higher (p<0.001) in the DM 
calves and creatine phosphokinase activity was elevated 
post-exercise for both animal types (p<0.05). Anaesthesia 
was maintained for 5 min, 24 h post-exercise and no 
Significant effect was observed for rectal temperature and 
neither skeletal muscle tremors nor rigidity were observed. 

In the second study four DM and four carrier 9 mo old 
calves had anaesthesia maintained for 30 min by means of 
halothane inhalation. Neither muscle tremors nor muscle 
rigidity occurred after exposure to halothane while heart 
rate was elevated for both animal types (p<0.001). Rectal 
temperature of the DM cattle decreased only slightly from an 
initial mean of 38.9°C to 38.7°C after the 30 min period of 
anaesthesia, whereas the initial rectal temperature of the 


carrier cattle was 39.5°C and decreased to 38.8°C (p<0.001). 
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This difference in rectal temperature response between the 
phenotypes may reflect the decreased ability of DM cattle to 
lose body heat or tovaen elevated heat production of this 
cattle type. 

In the thirdustudyra . mo old bull «calf had anaesthesia 
induced by Nembutal and maintained by halothane inhalation 
for 100 min. There were no signs of halothane sensitivity as 
indicated by rectal temperature, arterial pH, or by venous 
lactic acid, adrenaline and noradrenaline concentrations. It 
was concluded that halothane is an apparently safe 
anaesthetic for routine veterinary and experimental use in 


stress susceptible DM cattle. 


B. Introduction 

Double muscled (DM) cattle have some similarities to 
stress susceptible (SS) swine. Both of these animal types 
have enlarged muscles, reduced body fat and are more stress 
susceptible as compared to normal animals of their species 
(Ashmore 1974). The spectrum of muscle fiber types in their 
enlarged muscles are similar for both animal types and 
excess pre-slaughter stress can result in poor quality 
carcasses (Ashmore 1974). Furthermore, relatively fragile 
erythrocytes have been reported in both SS swine (Cheah and 
Cheah 1979) and DM cattle (Basarab et al. 1980). The 
metabolic rate is relatively higher in SS swine (Williams et 
al. 1977) and DM cattle (see Chapter IV) as compared to 


normal animals of their species. Another metabolic 
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Similarity is the increased turnover of triiodothyronine in 
both SS swine (Marple et al. 1977) and DM cattle (see 
Chapter IV). 7 

Halothane, a fluorinated hydrocarbon anaesthetic, 
causes a condition known as malignant hyperthermia in SS 
Swine (Britt 1972). The predominant clinical symptoms for 
malignant hyperthermia in SS swine are muscular rigidity, 
hyperthermia, tachycardia, hyperventillation, severe 
metabolic acidosis, elevated levels of some serum 
metabolites and blotchy cutaneous cynanosis (Williams 1977). 
The induction of muscle rigidity in pigs by halothane 
appears to be a reliable indicator of SS swine (Webb and 
Jordan 1978). Due to the numerous similarities between SS 
swine and DM cattle, the object of this study was to 
evaluate the usefulness of halothane as an anaesthetic for 


routine research and veterinary use in DM cattle. 


C. Materials and Methods 

All animals used in the following series of studies 
were from the double muscled herd maintained at The 
University of Alberta's Beef Research Ranch. Cattle within 
the DM breed group were phenotypically categorized (Basarab 
1981) as either extreme in muscling (DM) or 
normal-to-moderate in muscling (carrier). In all of the 
studies outlined below, the animals were anaesthetized so as 
to achieve stage III plane 2 anaesthesia. Most routine 


Surgical procedures requiring anaesthesia can be performed 
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at this level of anaesthesia. 
Study I 

Three DM and seven carrier 5 mo old bull calves from 
the DM herd were separated from their dams. A jugular vein 
blood sample was obtained by venipuncture and the plasma 
obtained following centrifugation was stored at -20°C. After 
collection of blood samples the calves were grouped and 
forced to run at 20 km/h around an alleyway for 2.4 km. 

Approximately 24 h later blood samples were collected 
and processed as above, after which the calves were exposed 
to halothane. A mask was held over the face of an animal 
while it was restrained in a cattle squeeze. Anaesthesia was 
induced by the inhalation of 5% halothane in oxygen via a 
vaporizer and a semi-closed absorber system (Ayerst, Model 
VML5, Fraser Sweatman Ltd., Scarborough, Ont.) without prior 
administration of tranquilizers. Stage III plane 2 
anaesthesia wasS maintained for 5 min. Rectal temperature was 
measured by a rectal probe ae telethermometer (Yellow 
Springs instruments Cow, Ines, Yellow™Springs, OH). and 
muscle condition was monitored by manually moving and 
palpating the hind limbs. 

The plasma samples were analyzed for thyroxine (T,) and 
trpiodothyroniney (13) iconcentrationsaby ‘commerical 
radioimmunoassay kits (Diagnostic Products Corporation, Los 
Angles, CA). Creatine phosphokinase (CPK) activity was 
measued in the plasma samples by a colourometric method 


(Sigma No. 520, St. Louis, MO) and plasma creatinine 
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concentration was determined by a Beckman Creatinine 
Analyzer (Fullerton, CA). The data were analyzed by analysis 
of variance (Steel and Torrie 1980) 
Study II 

Four DM and four carrier 9 mo old calves from the 
double muscled herd were used in this study. Each animal had 
been exposed to halothane during one or more previous 
Surgical manipulations. Individual animals were haltered and 
anaesthesia was induced by inhalation of 4 to 5% halothane 
in oxygen without prior administration of tranquilizers. 
Stage III plane 2 anaesthesia was maintained for 30 min by 
means of inhalation of 3 to 5% halothane in oxygen. 
Throughout the gstudy sheartirate mwas ;determined by use: of a 
stethescope, respiration rate was measured visually and 
rectal temperature was measured by a rectal probe and 
telethermometer (Yellow Springs Instruments Co., Inc., 
Yellow Springs, OH). The data were analyzed by analysis of 
variance (Steel and Torrie 1980). 
Study III 

A 4 mo old DM bull calf had anaesthesia induced by 
infusion of 25 mL of Nembutal (pentobarbital 50 Taran.) by 
means of a jugular vein catheter. After approximately 100 
min, stage III plane 2 anaesthesia was maintained by 
inhalation of 2% halothane in oxygen. The concentration of 
halothane was progressively decreased to 0.25% during the 
subsequent 100 min at which time the animal was allowed to 
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Throughout the experimental period and for 30 min 
following halothane administration, physiological parameters 
were monitored and blood samples were collected. Heart rate 
was measured by ECG needle electrodes inserted through the 
animal's hide and an ECG recorder (Hewlett-Packard, 
Mississauga, Ont.). Respiration rate waS monitored visually 
and rectal temperature was meaSured by a rectal probe and 
telethermometer (Yellow Springs Instruments Co., Inc., 
Yellow Springs, OH). Blood samples obtained via the jugular 
vein catheter were analyzed for lactic acid coe No. 
115-A, St. Louis, MO) and for plasma noradrenaline and 
adrenaline concentrations (Graham et al. 1981). Blood pH and 
pCO, were monitored by a blood gas analyzer (Instrumentation 
Laboratory PpH/Blood Gas Analyzer 813, Lexington, MA) in 
samples obtained via a catheter inserted into a branch of 


the femoral artery. 


D. Results and Discussion 

The results of study I are presented in Table V.1. 
There were no significant differences due to phenotype or to 
the exercise for plasma T; or T, concentrations. Basarab 
(1981) has observed elevated serum T; concentrations in DM 
cattle compared to normal and carrier cattle, whereas 
Novakofski and Kauffman (1981) observed lower serum T; 
levels in DM cattle. Differences in the reported serum T, 
concentrations may reflect the influence of stress prior to 


blood sampling as the effect of both fasting and heat stress 
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resulted in a depression in serum T, concentration in DM 
bulls while the levels in carrier bulls remained relatively 
eoeetant (see Chapter II). A more meaningful measure of 
thyroid hormone status may be obtained by kinetic studies 
(see Chapter IV). The significantly (p<0.001) elevated 
plasma creatinine concentration in the DM calves is a 
characteristic of this cattle type which has been observed 
by Ansay and Hanset (1979). There was a significant decrease 
(p<0.05) in plasma creatinine concentration for both 
phenotypes the day following the exercise. 

A significant (p<0.05) increase in plasma CPK activity 
was observed the day following the exercise (Table VI.1). 
Bickhardt et al. (1977) reported that the measurement of 
plasma CPK activity the day following an exercise stress may 
be of value as a predictive test for identifying SS pigs. 
Since pigs are generally reared i confinement the CPK 
activity post-exercise appears to have some merit, but 
limitations of the test include the sampling site, the 
timing of the blood collection post-exercise and limitations 
such as muscle damage during handling (Sybesma and 
Eikelenboom 1978). During the forced exercise two of the 
heavily muscled DM calves were unable to keep up with the 
other calves and exhibited abnormal behaviour in that they 
attempted to run through a wire fence. Abnormal behaviour 
duewtoma possible: lacticnacidmbuild-up ane DMecattlewhas been 
reported by Holmes et al. (1972b). Also exercise can result 


in severe muscle damage in DM cattle (Holmes et al. 1972a), 
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so the exercise was discontinued for these 2 DM calves in 
order to minimize muscle damage. Due to the inability of DM 
cattle to complete an exercise of less than 2.4 km the 
possible predictive value of post-exercise plasma CPK 
activity is limited. 

inmtstudy Ivalh ft ithercalves except “for pl DM ‘calf 
reached stage III plane 2 anaethesia in 3 to 8 min after 
halothane exposure. After 20 min of halothane inhalation the 
DM calf which had not reached stage III plane 2 anaesthesia 
had the halothane anaesthetic discontinued. Rectal 
temperatures remained constant and neither skeletal muscle 
tremors nor rigidity were observed as a result of the 
halothane anaesthetic. The recovery of each animal following 
halothane anaesthesia occurred within a 4 to 13 min period 
of time and none of the animals displayed abnormal signs 
during the 24 h period following anaesthesia. Unlike the SS 
pigs (Eikelenboom and Minkema 1974), it would appear that a 
few minutes exposure to halothane aS a predictive test can 
not be applied to the stress-susceptible DM cattle. 

Similar results were observed in study II as neither 
muscle tremors nor muscle rigidity occurred after exposure 
to halothane. A significant (p<0.001) increase in heart rate 
for all animals from the initial mean of 74 beats/min to 108 
beats/min after 30 min of stage III plane 2 anaesthesia was 
observed (Table VI.2). The respiratory rate for both 
phenotypes was not affected by the halothane exposure. A 


Significant (p<0.001) interaction was observed for phenotype 
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by time of rectal temperature measurement. The rectal 
temperature of the DM cattle decreased only slightly froma 
mean of 38.9°C for the initial recording toss. 7°Cratter the 
30 min period of stage III plane 2 anaethesia, whereas the 
initial rectal temperature of the carrier cattle was 39.5°C 
and decreased to 38.8°C (p<0.001). This difference in rectal 
temperature response between the phenotypes may reflect the 
decreased ability of DM cattle to lose body heat (Monin and 
Boccard 1974) or to an elevated heat production of this 
cattle type (see Chapter IV). 

The results presented in Figure VI.1 demonstrate that 
halothane anaesthesia in a DM calf had a minimal influence 
on the physiological and blood chemistry parameters 
measured. The calf's skeletal muscles remained relaxed with 
no apparent signs of muscle rigidity. Undesirable responses 
Similar to those indicative of maligant hyperthermia or 
halothane sensitivity in the SS swine did not develop. The 
calf did not develop metabolic acidosis during halothane 
inhalation as indicated by the constant lactic acid 
concentration of approximately 6 mg/mL blood. The decrease 
in blood pH and increase in blood pCO, during halothane 
inhalation was indicative of slight respiratory acidosis. 
Plasma concentrations of adrenaline and noradrenaline 
increased slightly during halothane inhalation but not to 
concentrations normally observed during severe animal 


stress. 
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Generally, both humans (Henschel and Locher 1977) and 
SS swine (Ashmore 1974) which develop malignant hyperthermia 
are relatively muscular and leaner than normal individuals 
of their species. Malignant hyperthermia has also been 
reported in a Greyhound dog (Bagshaw et al. 1978) and a. 
thoroughbred colt (Klein 1975) which are lean animals and 
have excitable temperaments. The similarities between SS 
Swine and DM cattle have been emphasized, but differences 
have been reported. The enlarged muscles of DM cattle are 
primarily due to an increased number of muscle fibers 
whereas SS swine have larger muscle fibers which are mainly 
responsible for their muscular hypertrophy (Swatland and 
Cassens 1974). Relatively severe reproductive problems are 
associated with the DM syndrome in cattle (Vissac et al. 
1974) whereas only minor reproductive problems have been 
reported in SS swine (Howard and Smith 1977). The results of 
the present study indicate that the muscular and stress 
susceptible DM cattle do not develop any of the symptoms of 
malignant hyperthermia when exposed to halothane, unlike SS 
Swine (Williams 1977). 

In summary, DM and carrier cattle from The University 
of Alberta's herd responded in a similar manner to halothane 
anaesthesia. One difference however, was that the rectal 
temperature in DM cattle remained constant while the rectal 
temperature in carrier cattle decreased after 30 min of 
stage III plane 2 anaesthesia maintained by halothane. The 


difference in rectal temperature response may have been due 
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to SuPRCres lower rate of loss or due to an increased heat 
production in the DM cattle. Lactic acidosis did not occur 
in a DM calf after exposure to halothane and the skeletal 
muscles remained flaccid and tremors were not observed. 
Halothane is an apparently safe anaesthetic for routine 
veterinary and experimental use even in DM cattle from the 
population under. study. There are numerous similarities 
between SS pigs and DM cattle, but susceptibility to 
halothane anaestheSia 1S apparently not one of them. The 
reaction to halothane is therefore unlikely to be of value 
aS a predictive test for stress susceptibility in cattle as 


it is in SS swine which develop malignant hyperthermia. 
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Table VI.2 Mean' response of 9 month old calves from a 
double muscled herd to halothane anaesthesia? 


(Study lig)= 
Heart Rate 
(bpm) 
Time Phenotype * 
i, a ico SEM‘ € DM SEM 
74 92 108 3.9*xx 85 97 Sea 


Respiratory Rate 


(rpm) 
Time Phenotype 
0 30 SEM G DM SEM 
28 26 one 29 25 loee 
Rectal Temperature 
(°C) 
Time Phenotype 
ig 0 30 SEM c DM SEM 
B92 Sow Wi Sotew 0 Oak ss Ste 36 38 Ore 


' Based on 4 C and 4 DM calves. 

* Heart rate and rectal temperature were measured when 
halothane was initially administered (I) and at the 
start (0) and end (30) of a 30 minute period of stage III 
plane 2 anaesthesia maintained with halothane. 
Respiratory rate was measured at 0 and 30 minutes only. 

> Based on a subjective score for muscling; Carrier (C), 
Double Muscled (DM). 

* Standard error of the mean. Asterisks within a row 
of a major heading indicate a significant treatment 
difference (p<0.001). 
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Vas 


7.30 
Blood pH 
a 25 
7.20 65 
60 
Blood 
$5 PCO, 
(mm Hg) 
14 50 
12 45 
Blood 
Lactic 10 
Acid 
(mg/ 100ml) % 
6 
a) 
63504 
600 4 
Plasma 
Noradrenaline 550 
(pg/ml) | 
500 
450 4 
4005 
Plasma r 
Adrenaline = 
(pg/ml) 
300 4 
2504 
30 


Respiration 
Rate 0 


(resp./min) 


140 
Heart 130 
Rate 
(beats/min.) 

120 

110 

40.5 
Rectal 
Temperature 40.0 
Ce) 


39.5 


% HALOTHANE 


60 70 80 90, 100% UWiOe 20F 180)" N40) NSO 160) 170! S805 8190)" 200) 210) 5220 
MINUTES AFTER NEMBUTAL ADMINISTRATION 


Figure VI.1 Response of a 4 month old double muscled bull 


calf to halothane anaesthesia. 
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GENERAL SUMMARY AND CONCLUSIONS 


The objectives of this thesis were to study the 
metabolism and response of double muscled (DM) cattle to 
mild stressors and to identify some of the reproductive 


problems associated with this cattle type. 


Metabolism and Effects of Mild Stress 

Many authors have reported that DM cattle are very 
susceptible to relatively severe stressors. The 
investigations reported herein indicate that DM cattle are 
also susceptible to relatively mild stressors. Lactic 
acidosis has been reported to be a major consequence of 
stress in DM cattle. The effect of both fasting and a heat 
exposure did not result in an increased blood lactic acid 
concentration. Generally, for a high lactic acid 
concentration to be present an elevated metabolic activity 
of muscle tissue is required. In both fasting and heat 
exposure it 1S expected that metabolic activity of muscle 
tissue would be depressed, unlike that during exercise when 
muscle tissue metabolism is elevated and lactic acid 
production is high. Glucose metabolism, as indicated by 
plasma glucose kinetic parameters, in DM cattle was similar 
to carrier cattle. The smaller glucose pool size in DM 
cattle in both the fed and fasted states likely reflects, in 


part, the smaller size of the liver in this animal type. 
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Analysis of various metabolites and hormones, as well 
as metabolic rate has indicated that cattle displaying the 
trait for the DM syndrome respond metabolically and 
physiologically as though they are relatively hyperthyroid. 
The author emphasizes that this apparent hyperthyroid status 
of DM cattle is not likely the primary lesion in these 
animals, but may play a part in the resultant higher 
metabolism of this cattle type due to their lean and 


muscular composition. 


Reproduction in DM Cattle 

The major disadvantage of utilizing DM cattle in - 
livestock production is their poor reproductive 
capabilities. Generally, DM heifers do not have calves as a 
result of their first breeding season. ObServations of 
hormonal concentration patterns and behaviour at estrus in 
DM cows are indicative of apparently normal estrous cycles. 
DM cows are capable of fertilization and conception, but 
appear to be less capable of carrying the fetus to term. 
Anatomical and conformational characteristics of this cattle 
type account for some of the associated reproductive 


problems of DM cattle. 


Future of DM Cattle 
Cattle displaying the DM syndrome produce more lean 
meat than normal muscled cattle. Feed conversion is 


Superior, rate of growth is higher, dressing percentage is 
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higher and meat obtained from DM cattle is more tender than 

that of conventional beef cattle. In many European countries 
where a premium 1S paid for lean meat, DM cattle production 

is profitable even though there are some serious production 

problems associated with this cattle type. 

In North America the poor reproductive capabilities, 
poor neonatal viability and increased stress susceptibility 
of DM cattle limit their apparent value in beef cattle 
production. Animals which are heterozygous for the DM trait 
are called carriers and are phenotypically intermediate to 
normal muscled and DM cattle. Carrier cattle have superior 
carcass and meat qualities as compared with normal muscled 
cattle but do not have many of the associated production 
problems of DM cattle. Producers are being encouraged to 
raise carrier cattle as market animals in some production 
programs in order to exploit some of the Seni of the DM 
trait. 

To successfully manage cattle displaying the DM 
Syndrome more information is required about their aSeelyontiegn 
and physiology. The primary cause of the DM syndrome is not 
known but it is most likely a result of either a neural 
and/or an endocrine disorder. The proposed general cell 
membrane defect may only be a reflection of the primary 
cause of the DM syndrome. To identify the primary genetic 
and biochemical cause of the DM sydrome it may be necessary 
to study the condition in utero when the developmental 


events are occurring. 
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